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Keep this 
Industrial Evil 
off 
Payro 
With 


PLY CREAM 


— the coating that protects against Industrial Dermatitis 


O matter how big or small your business 

is, you cannot afford to support “Ex- 

Is this happening to you? posuritis,” the Scourge of the Industrial 

Worker. But you can afford to use 

‘ MILBURN PLY CREAM, as a “mechano- 

eS Compensation Costs up chemical” barrier against this evil. Long- 

higher payroll outlay, lasting, non-irritating PLY CREAM forms 

more hiring a protective layer on exposed parts of the 

skin, safeguarding the worker from in- 

H dustrial dermatitis. No longer need he fear 

LJ Dispensary Service se the most commonly used acids, chemical 
more medical expense, 

reduced working time fumes and solvents, for whatever the haz- 

ard, Milburn has developed a specific PLY 


5 CREAM to combat :t. And they are as 
: cs Profit Margin lower easy to wash off as they are to apply! 


: The MILBURN METHOD of Plant Safety 
é is available to you without charge. At your 
: u Plant Production lower request, these safety specialists will inspect 
not up to expected your industrial operation, suggesting 
quotas improvements in working conditions, for 
greater profits. Inquire today. 


The 


ILBURN 


Company 
Detroit 7, Michigan 


Also makers of PLY-GARB and PLYGLOVS to guard against Industrial Hazards 


even with new orders 
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FOR BACTERIA 


METAPHEN Disinfecting Solution offers you quick, convenient, effective 
disinfection of instruments without the use of steam or heat. In the absence 
of blood or exudate, common nonsporulating pathogenic bacteria (except 
tubercle bacilli) are killed in ten minutes. Consider these other advantages 
of METAPHEN Disinfecting Solution: 
@ It does not rust, tarnish or corrode the most delicate instruments. 
@ It is nonvolatile, eliminating fire and explosion hazards. 
@ It does not produce fumes or offensive odors. 
@ Instruments may be used directly from the solution without irritating 
skin or oral tissue. 
Tests made under office conditions have shown that the effectiveness 
of MetaPHEN Disinfecting Solution was not diminished even after 
one month of continual use. Try economical METAPHEN Disinfecting 
Solution now for fumeless disinfection. Available through 


your usual source in l-quart and 1-gallon bottles. Obbott 


[Contains Metaphen (Nitromerso!, Abbott) 1:2500] 
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Doctor —nere is a protective skin creme now accepted 


by the Committee on Cosmetics of the AMERICAN MEDICAL 
ASSOCIATION— 


CASIL PROTECTIVE SKIN CREME 


It is quick and easy to apply. The Protective film guards the skin and 
it washes off in water. No dirt—pigments—or paints can touch the 
skin when CASIL PROTECTIVE SKIN CREME is applied properly. 
Less than .5 of 1% free alkali. 


Thirty days or monthly buying suggested. Price $8.50 per case of 
4—5 # cans. F.O.B. Chicago. 


Send order to: P.O. Box 208, Evanston, Illinois, or telephone UN 4-7339 
(exchange is University). 


THE DERMO COMPANY 


Child 
Health 


Bad Habits in Good Babies. Herman M. Jahr. 16 pages. 
15 cents. 


What Does Your Baby Put in His Mouth? Chevalier 
Jackson and Chevalier L. Jackson. Tells how to pre- 
vent accidents from choking and what to do if they 
happen. 24 pages. 15 cents. 


Keeping Your Baby Well. 22 pages. 15 cents. 


The Case of the Crying Baby. Herman M. Jahr. 4 pages. 
15 cents. 


What to Do About Thumb Sucking. William I. Fishbein. 


POWDERED SOAP 6 pages. 15 cents. 


Lefthandedness. Paul Popenoe. 8 pages. 15 cents. 


Adoption. W. Allison Davis and Theo Carlson. An 
understanding discussion of the best ways tc adopt 
children and rear them. 12 pages. 15 cents. 


Protecting Your Child from Allergy. William Gayle 
Roberts. 8 pages. 15 cents. 


The Facts About Sex. Audrey McKeever. 16 pages. 
15 cents. 


Please remit with order 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. © Chicago 10 


LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 22 
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Developed to remove radioactive contamination from 
air expelled during Atomic Energy plant operations, 
the M.S.A. Ultra-Aire Space Filter is now available 
for the wide variety of general applications where 
extreme air purification is essential. It is an ideal 
safeguard against most hacteria and a few viruses 
which are often air-borne in operation rooms, isola- 
tion wards and experimental labs in hospitals. In phar- 
maceutical production, the Ultra-Aire Space Filter 
prevents product contamination in operations where 
air conditioning is vital to manufacturing. And in food 


safety problem ...his job is to help you 


processing plants, spores that might cause spoilage are 
effectively trapped. This list of services could be ex- 
tended almost indefinitely, but these will serve to sug- 
gest the many applications. 

Featuring a rated filter efficiency of 99.99%+, the 
M.S.A. Ultra-Aire Space Filter is manufactured in 
several sizes, with flow rates up to 1,000 CFM; has 
an average life when protected by a rough filter of 
1% years. It conforms to AEC and Chemical Corps 
specifications. Write for complete details. 


MINE SAFETY APPLIANCES CO. 


BRADDOCK, THOMAS AND MEADE STREETS 
PITTSBURGH 8, PA. 

At Your Service: 48 BRANCH OFFICES in the UNITED STATES 
Mine Safety Appliances Co., of Canada Limited 
Toronto, Montreal, Calgary, Winnipeg, Vancouver, New Glasgow, N.S. 
Representatives in Principal Cities in Mexico, Central and South America 
CABLE ADDRESS, “MINSAF” PITTSBURGH 
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ia ! Call the M.S.A. Man on your every Ee 
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optimal simplicity and flexibility 


For oral administration, Terramycin is supplied in Capsules of 
3 potencies, as well as in a palatable Elixir and concentrated 
Oral Drops made possible by the unique solubility of this great 
antibiotic agent. Terramycin is the only broad-spectrum anti- 
biotic available in these 3 forms which simplify oral therapy for 
patients at all age and weight levels. 


For the treatment of severe fulminating infections, Terramycin 
Intravenous permits the attainment of immediate high serum 
concentrations. And for topical therapy of ocular infections. 
Terramycin is available as an Ophthalmic Ointment and an 
Ophthalmic Solution, both well tolerated and effective against a 
wide range of micro-organisms causing infection of the eye. 


supplied : Capsules: 250 mg., bottles of 16 and 100; 100 mg., bottles 
of 25 and 100; 50 mg., bottles of 25 and 100; Elixir: 1.5 Gm. 
in 1 oz. diluent; Oral Drops: 2.0 Gm. in 10 ce. diluent with 
calibrated dropper; Intravenous: 10 cc. vial, 250 mg.; 20 ce. 
vial, 500 mg.; Ophthalmic Ointment: 5 mg. per Gm., % oz. 
tube; Ophthalmic Solution: 25 mg., 5 cc. dropper-vial. 


Antibiotic Division CHAS. PFIZER & CO., INC., Brooklyn 6, N. Y. 
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HE A. M. A. Arcuives or InpusTRIAL HyGIENE AND OcCUPATIONAL MEDICINE is pub- 

lished by the American Medical Association as a medium for the advancement of 

knowledge on the diseases of industry and for the publication of scientific investigation 
and information in this field. 

Published material will in many respects be closely integrated with and reflect activities 
of the Council on Industrial Health of the American Medical Association and the American 
Industrial Hygiene Association. 

Correspondence relating to the editorial management, subscriptions, reprints, etc., should 
be addressed, A. M. A. ArcHIves or INDUSTRIAL HYGIENE AND OcCUPATIONAL MEDICINE, 
American Medical Association, 535 North Dearborn Street, Chicago 10. 

Manuscripts for publication and books for review should be sent to Prof. Philip Drinker, 
Chief Editor, 55 Shattuck Street, Boston 15. 

Articles are accepted for publication on condition that they are contributed solely to the 
A. M. A. Arcuives or InpustRIAL HyGIENE AND OccuPATIONAL MEDICINE. Manuscripts must 
be typewritten, preferably double spaced, and the original copy should be submitted. Zinc 
etchings and halftones will be supplied by the Association when the original illustrations warrant 
reproduction and when their number is not considered excessive. 

Footnotes and bibliographies (the latter are used only in exhaustive reviews of the 
literature) should conform to the style of the Quarterly Cumulative Index Medicus. This 
requires, in the order given: name of author, title of article and name of periodical, with 
volume, page, month—day of month if the journal appears weekly—and year. 

Matter appearing in the A. M. A. Arcnives or INpustRIAL HyGiene AND OccCUPATIONAL 
MEDICINE is covered by copyright, but as a rule no objection will be made to its reproduction in 
a reputable medical journal if proper credit is given. However, the reproduction for com- 
mercial purposes of articles appearing in this periodical or in any of the other publications issued 
hy the Association will not be permitted. 

The A. M. A. Arcnives or INpustRIAL HyGIENE AND OccCUPATIONAL MEDICINE is issued 
monthly. The annual subscription price (for two volumes) is as follows: domestic, $8.00; 
Canadian, $8.40; foreign, $9.00, including postage. Current single copies are $1.00. 


Checks, money orders and drafts should be made payable to the American Medical 
Association. 
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A. M. A. ARCHIVES OF INTERNAL MEDICINE—Monthly. Devoted to the publication of advanced 
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(two volumes): domestic, $10.00; Canadian, $10.40: foreign, $11.00. Single copies, $1.00. 

A. M. A. ARCHIVES OF NEUROLOGY AND PSYCHIATRY—Monthly. A medium for the presentation 
of original articles on nervous and mental diseases, with abstracts from foreign and domestic literature, book 
reviews, transactions of special societies, etc. Illustrated. Annual subscription price (two volumes) : domestic, 
$12.00; Canadian, $12.40; foreign, $13.50. Single copies, $1.25. 

A. M. A. ARCHIVES OF DERMATOLOGY AND SYPHILOLOGY—Monthly. Devoted to advancing the 
knowledge of and progress in cutaneous diseases and syphilis. Publishes original contributions on these two 
subjects, transactions of the important dermatological societies, book reviews, etc. Mlustrated. Annual sub- 
scription price (two volumes) : domestic, $12.00; Canadian, $12.40; foreign, $13.50. Single copies, $1.25. 

A. M. A. AMERICAN JOURNAL OF DISEASES OF CHILDREN—Monthly. Presents pediatrics as a 
medical science and as a social problem. Includes carefully prepared reviews, based on recent pediatric 
literature, abstracts from foreign and domestic literature, book reviews, transactions of special societies, etc. 
Illustrated. Annual subscription price (two volumes); domestic, $12.00; Canadian, $12.40; foreign, $13.50. 
Single copies, $1.25. 

A. M. A. ARCHIVES OF SURGERY-——Monthly. Devoted largely to the investigative and clinical phases of 
surgery, with monthly reviews on orthopedic and urologic surgery. Well illustrated. Annual subscription 
price (two volumes) : domestic, $14.00; Canadian, $14.40; foreign, $15.50. Single copies, $1.25, except special 
numbers. 

A. M. A. ARCHIVES OF OPHTHALMOLOGY~—Monthly. Includes original articles on diseases of the eye, 
annual reviews of special subjects, book reviews, transactions of special societies, etc. Illustrated. Annual 
subscription price (two volumes) : domestic, $12.00; Canadian, $12.40; foreign, $13.00. Single copies, $1.25. 

A. M. A. ARCHIVES OF OTOLARYNGOLOGY—Monthly. A medium for the presentation of original 
articles on diseases of the ear, nose and throat, with abstracts from foreign and domestic literature, book 
reviews, transactions of special societies, etc. Illustrated. Annual subscription price (two volumes) : domestic, 
$12.00; Canadian, $12.40; foreign, $13.00. Single copies, $1.25. 

A. M. A. ARCHIVES OF PATHOLOGY—Monthly. A periodical devoted to the publication of original 
articles and general reviews in the field of pathology. Illustrated. Annual subscription price (two volumes) : 
domestic, $8.00; Canadian, $8.40; foreign, $9.00. Single copies, $1.00, except special issues. 

QUARTERLY CUMULATIVE INDEX MEDICUS—A complete subject and author index to the worth while 
current medical literature of the world. Issued twice a year. Volumes bound for permanent reference. 
Subscription price, calendar year: domestic, $20.00; Canadian, $22.00; foreign, $22.00. 
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SYMPOSIUM ON A CANCER CONTROL PROGRAM FOR HIGH-BOILING 
CATALYTICALLY CRACKED OILS 


TEAMWORK IN CONTROL OF OCCUPATIONAL DISEASES 
An Introductory Statement 


ROBERT COLLIER PAGE, M.D. 
NEW YORK 


EDICINE in industry has come a long way in the past several years and is, 
I feel certain, about to embark on a new era in its history. During this 
period there will be a practical disappearance of the part-time physician in industry. 

In his place there will be a physician supported by a team which will be con- 

stantly striving not only for the prevention and cure of workers’ illnesses but, 

most important of all, for the improvement of the total state of health of the worker. 

The physician in industry is no longer primarily concerned with illnesses and 
accidents ; his approach is becoming more and more constructive and has to do 
with what the World Health Organization considers as the improvement of the 
state of health of all workers. In his search for ways and means to accomplish this 

. end he finds that there are other scientists who are concerned with the same objec- 
tives. Each individual in this group has special skills which contribute to the 
advance. Each individual skill, insufficient in itself, when combined in a teamwork 

5 of effort, permits the ultimate solution of any problem which threatens the health of 
the worker. 

The first skill which the physician in industry must familiarize himself with is 
that contributed by the industrial hygienist. The many specialized talents of the 
industrial hygienist serve as additional eyes and ears for the physician. He brings 
to the physician an understanding of the working environment which the physician 
in industry is unable to grasp for himself. He tells the physician where Joe Worker 
works, what materials he works with, what the nature of the exposure to these 
materials is, how often this exposure occurs, how long each exposure lasts, at 
what level the exposure happens, and how this exposure, by engineering or other 
principles, may be reduced or abolished. 

The second skill which the physician in industry must discover is that con- 
tributed by the chemist. This well-trained scientist makes a series of contributions 
which serve as an additional pair of hands to the physician. He characterizes, 
chemically, complex mixtutes of compounds for the physician, devises methods 

which permit detection and measurement of these compounds, both in the environ- 


From the Medical Department, Standard Oil Company (N. J.). 


This paper was read at the Joint Industrial Health Conference of the American Association 
of Industrial Physicians and Surgeons, and the American Industrial Hygiene Association, 
Atlantic City, N. J., April 25, 1951. 
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ment of the worker and also in the body fluids and tissues, and develops ways to 
destroy, eliminate, or substitute for these compounds. 

The third skill is that of the experimental biologist or toxicologist and the role 
he plays in the team of things. The toxicologist determines the effect of compounds 
on the physiology of lower animals, and in some cases in man, and determines how 
these effects develop. He advises the physician as to the probable effects of com- 
pounds on man by comparing them with similar compounds whose effects on man 
are well known. In this capacity he may be considered as an additional nose for the 
physician which helps him to smell out the danger spots. 

Management contributes the skills of application of recommendations and their 
enforcement. Without management’s support, and by this is meant wholehearted 
understanding support, the application of the knowledge developed by the physician 
is impossible. In this capacity, management can be likened to an additional mouth 
of the physician which speaks loudly and authoritatively to the worker with 
ultimate accomplishment of all the physician’s recommendations. For the best 
results, management must be convinced of the importance of the program. Only 
then will management actively participate in the program. With management’s 
wholehearted cooperation the numerous tricks and skills learned over the course of 
long and intimate association with the problems of industry will play a part most 
important for the fulfillment of a program which would otherwise fall on deaf ears. 

Other skills must be mentioned, such as those of the nurse, the epidermiologist, 
the biostatistician, and the safety engineer. Each contributes his own skills to the 
final solution of the problem. 

In the following papers will be described how such teamwork was applied to the 
problem of cancer control, and how the individual efforts of each member of the 
team contributed to the solution of the problem. The teamwork of efforts and 
skills which has been outlined has been made possible only after many years of 
recognition of the importance of a united attack, not only in cancer control, but in 
the control of many other potential occupational hazards as well. 

So far as my company is concerned, this recognition has been present for many 
years, as evidenced by the following quotation from a top managerial representative 
in a letter describing the functions of a physician in industry : 

The Medical Director will be expected to give special attention to the study of the matter 
of health conditions in and about the plants, including any possible occupational perils. 


(Excerpt from a letter by Mr. C. J. Hicks, dated April 24, 1918, to Mr. S. B. Hunt, director, 
Standard Oil Company of New Jersey.) 


In the following papers the efforts of a group of specialists working as a team 
on the solution of a given problem are described. 


30 Rockefeller Plaza. 
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EXPERIMENTAL ANALYSIS OF THE CARCINOGENIC ACTIVITY OF 
CERTAIN PETROLEUM PRODUCTS 


WILLIAM E. SMITH, M.D. 
DOUGLAS A. SUNDERLAND, M.D. 
AND 
KANEMATSU SUGIURA, Sc.D. 
NEW YORK 


ITERATURE relevant to the carcinogenic action of petroleum derivatives has 

been cited in the preceding paper by Holt, Eckardt, Hendricks, and Stanton.’ 
The present paper describes biological experiments conducted with catalytically 
cracked oils, some related materials, and fractions thereof. 

The first cancers experimentally produced in animals by means of a mineral oil 
were reported in 1922 by Leitch,? who painted mice with distillates of Scottish shale 
oil. There followed extensive studies by C. C. and J. M. Twort and their associates,’ 
whose interests centered chiefly around lubricating oils. They showed that Scottish 
shale oils possessed far greater carcinogenic potency for animals than did lubricating 
oils derived from petroleum. Quite recently, Woodhouse * published data on the 
carcinogenicity of certain petroleum lube-oil fractions. Our studies have been con- 
cerned primarily with petroleum derivatives other than lubricating oils. 


From the Department of Industrial Medicine, The Post-Graduate Medical School of the 
New York University-Bellevue Medical Center (Smith and Sunderland), and the Sloan-Ketter- 
ing Institute for Cancer Research (Sugiura). 

This paper was read in part at the Joint Industrial Health Conference of the American 
‘Association of Industrial Physicians and Surgeons and the American Industrial Hygiene Asso- 
ciation, Atlantic City, N. J., April 25, 1951. 


These studies were carried out under a grant from the Standard Oil Company (N. J.) 
and certain affiliates, in cooperation with the medical department of that company. The Standard 
Oil Development Company prepared and supplied all samples, fractions, and blends, except 
those of shale oil, and determined the analytical information quoted in this paper. Preliminary 
notes describing these studies have appeared elsewhere (Cancer Res. 9:631, 1949; Acta Unio 
Internationalis contra cancrum [Louvain] 7(1):173-175, 1950). 


1. Holt, J. P.; Eckardt, R. E.; Hendricks, N. V., and Stanton, C. L.: A Cancer Control 
Program for High-Boiling Catalytically Cracked Oils, Arch. Indust. Hyg., this issue, p. 325. 


2. Leitch, A.: Paraffin Cancer and Its Experimental Production, Brit. M. J. 2:1104-1106, 
1922. 


3. Twort, C. C., and Twort, J. M.: The Carcinogenic Potency of Mineral Oils, J. Indust. 
Hyg. 13:204-226, 1931. Twort, C. C., and Ing, H. R.: Untersuchungen iiber Krebserzeugende 
Agentien, Ztschr. Krebsforsch. 27:308-351, 1928. Twort, C. C., and Twort, J. M.: Studien 
iiber Krebsentstehung: Krebsbildungsfahigkeit, ibid. 32:491-519, 1930. Twort, C. C., and 
Fulton, J. D.: Studien tiber die Konzentration des aktiven carcinomerregenden Prinzips in 
Olen und Teeren, ibid. 35:543-573, 1932. 

4. Woodhouse, D. L.: The Carcinogenic Activity of Some Petroleum Fractions and 
Extracts, J. Hyg. 47:121-134, 1950. 
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Our studies were intiated in 1945 at the request of the medical department of 
the Standard Oil Company (New Jersey). We have carried out tests for carcino- 
genicity on approximately 400 samples from refinery and laboratory operztions. 
These studies were undertaken to determine sources of potentially hazardous mate- 
rial and to conduct experiments subsidiary thereto. The majority of samples con- 
tained oils that had been subjected to fluid catalytic cracking, a process in which oil 
is circulated at temperatures ranging up to 950 F. in the presence of a mixture of 
alumina and silica, which serves as the catalyst. The collection of samples and the 
preparation of blends or fractions were conducted by the Standard Oil Development 
Company. Some related physical and chemical studies are described in an accom- 
panying paper.* 


INITIAL EXPERIMENTS ° 


Mice.—The first test was made with a high-boiling fraction of oil obtained from an experi- 
mental fluid catalytic cracking operation. This fraction represented the residuum after dis- 
tillation of the lower-boiling naphtha and light gas-oil cuts. It will be described hereafter as 
MH 101. Approximately 15 mg. of this oil fraction was applied with a brush three times a 
week to shaved skin in the interscapular region of the backs of 50 male and 50 female white 
albino mice.? The first tumor, a benign papilloma, appeared on the 29th day after the beginning 
of the painting. The first cancer became evident, by secondary change in a papilloma, on the 
70th day. As painting with the oil continued, the number and the size of the tumors increased, 
somewhat more rapidly in the males. Some growths became keratotic warts or horns, while 
others remained fleshy; in still others there developed ulcerated tops or downgrowths. Micro- 
scopic study showed the latter to be cancers. Among the 63 mice living 141 days after the start 
of the experiment, 51 had skin tumors, and 26 of these had cancers. In occasional animals of 
this and subsequent experiments the cancers had metastasized to lymph nodes and lungs. 

The next experiment was carried out with the same material on 24 mice (12 males, 12 
females), but the painting was done once a week instead of thrice weekly. Tumors appeared 
less quickly in this experiment. By the 102d day, only two animals had tumors, and these were 
merely benign papillomas. Despite the delay in the time of appearance, nearly all of the mice 
eventually had tumors. At the end of 197 days, 18 of 19 survivors bore papillomas, but none of 
the tumors yet showed signs of cancerous change. Cancerous change did occur in a few animals, 
however, after a comparatively long time. By the 260th day, cancers were present in four males 
and two females of the 15 animals then surviving, all of which had multiple papillomas. 

Analysis of the data from these experiments showed that tumors appeared in about 50% of 
the animals in the first test after 73 days, by which time they had received 31 paintings on a 
thrice-weekly schedule. In the second test the 50% point was reached after 161 days, involving 
23 paintings on the once-a-week schedule. 

A further test was made to determine whether the color of the host influenced the yield of 
skin tumors obtained by painting with the material used in the foregoing experiments. Groups 
of 25 black mice of the C57 strain and 25 white albino mice of market stock? nearly equally 
divided as to sex, were painted three times a week. All animals were living by the 71st day, at 
which time 12 of the white mice had one to four papillomas—a finding that afforded an almost 
exact check with the “50% tumor” point found in the first experiment. By contrast, only one 
of the black mice had a papilloma. With continued painting, tumors did appear eventually in 
almost all mice. By 130 days, 11 of 13 surviving blacks had papillomas, and two of these 11 had 
cancers as well. At this same time, all of 21 surviving white mice had papillomas, among which 
three males and five females had cancers as well. 


5. Fischer, H. G. M.; Priestley, W.; Eby, L. T.; Wanless, G. G., and Rehner, J., Jr.: 
Properties of High-Boiling Petroleum Products: Physical and Chemical Properties as Related 
to Carcinogenic Activity, Arch. Indust. Hyg., this issue, p. 315. 

6. The initial experiments in this section were conducted by K. Sugiura, Sc.D. 

7. The mice employed throughout these experiments, unless otherwise noted, were purchased 
from a commercial breeder (Rockland Farms, New City, N. Y.) 
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Rabbits—The same material was painted thrice weekly on the inner surfaces of the ears of 
21 rabbits, a much larger amount (roughly 0.5 gm.) being deposited on the skin at each applica- 
tion. By the 42d day 13 of the 21 rabbits showed two to eight small horny growths, and by 
the 100th day all rabbits bore one to 18 papillomas of varying size on the inner surfaces of the 
ears. In general, the growths tended to increase in size and number, and by the end of two 
years, during which the painting was continued, growths in three of the six then surviving 
rabbits showed evidence of cancerous change, which was confirmed by biopsy. 

As in the mice, so too in the rabbits a painting schedule of less frequent applications greatly 
delayed the appearance of tumors. Among five rabbits painted once a week, only one had tumors 
by the 100th day, and these were merely small warts. All five rabbits responded eventually, 
however, for by 263 days each bore one to eight papillomas. Their tumors were far smaller 
than the ones seen at a comparable time in the rabbits which had been painted three times a 
week. 

Rats and Guinea Pigs—These species were found not to be susceptible, just. as they are 
known to be refractory to skin applications of coal tar or purified carcinogens, such as benz- 
pyrene.S For the experiment 116 rats and a like number of guinea pigs were used. The oil was 
applied three times a week to the inner and outer surfaces of the ears and to a small shaved 
area of skin on the interscapular region of the back. The painting was done so as to deposit 
about 0.1 gm. of oil per animal at each application. Fifty-nine rats survived over a year of 
painting, and only one tumor, a small papilloma of the ear of a female, resulted. It was first 
noted on the 350th day and regressed soon thereafter. Five rats that survived 1,069 days of 
painting were killed at that time with no sign of tumor in ears or skins. 

This oil proved toxic to guinea pigs, and its application resulted in some early deaths. The 
amount used on this species was reduced, therefore, by omitting the paintings of the ears in 
one-half of the group and the paintings of the interscapular skin in the other half. No tumors 
appeared in six guinea pigs painted for 371 to 620 days. 

Monkeys.—Papillomas were elicited in all of six rhesus monkeys (three males and three 
females). The earliest tumor appeared on the 317th day. Four years after the start of the 
experiment, cancer, proved by biopsy, appeared in two monkeys, one male and one female. The 
paintings are being continued, and description of the results will be deferred until completion 
of the monkey experiments. 


SUMMARY OF RESULTS OF INITIAL EXPERIMENTS 


The initial experiments showed that this high-boiling fraction of a catalytically 
cracked oil was comparable in carcinogenic potency to some of the most active coal 
tars described in the literature. White mice proved the animals of choice for test, 
yielding tumors in response to the oil somewhat sooner than black mice and much 
more rapidly than monkeys. Rabbits responded with benign tumors (papillomas ) 
even more quickly than mice, but cancers appeared far less readily in rabbits than 
in mice. Rats and guinea pigs were refractory. 


METHODS ADOPTED FOR LARGE-SCALE TESTING 


The experiments just described demonstrated that a potential occupational 
hazard existed in the handling of the material examined, that the problem was 
amenable to experimental study, and that the mouse was the animal of choice. A 
program was then drawn up by the Standard Oil Company (New Jersey) and the 
Standard Oil Development Company for the investigation of materials from many 
phases of refinery operations. A first requirement was the adoption of adequate 
methods for obtaining and recording data so that the activity of any sample could 


8. Berenblum, I.: The Carcinogenic Action of 9,10-Dimethyl-1,2-Benzanthracene on the 


Skin and Subcutaneous Tissues of the Mouse, Rabbit, Rat, and Guinea Pig, J. Nat. Cancer Inst. 
10: 167-174, 1949. 
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be conveniently compared with that of others. Statistical methods for this purpose 
have been discussed in the literature.* The method finally adopted for graphical 
representation and numerical expression of the results was devised by Dr. J. P. Holt, 
of the Standard Oil Company (New Jersey), and Mr. H. G. M. Fischer, of the 
Standard Oil Development Company. A statistical analysis of our biological data 
has recently been prepared and appears in an accompanying paper.*® We collected 
the data as follows : 


The mice were examined at monthly intervals, and data were recorded on the number of 
survivors and the number of survivors with papillomas or cancers. At the same time, the 
number dying with or without tumors in the preceding month was recorded, together with 
the notes on any internal tumors or metastases that may have been found in them. These data 
were entered from month to month on an appropriately printed 5 by 8-in (12.5 by 20-cm.) card 
for each sample. With this “front card” were filed cards for the individual mice on which were 
charted the positions of any tumors, notes on their course, and, eventually, autopsy findings. 

Table 1 represents a typical “front card” and shows the month-to-month findings in a test 
of a high-boiling catalytically cracked oil. It shows that six animals died without tumors before 


TaBLe 1.—Response of Mice to Painting with a Sample of High-Boiling Catalytically 
Cracked Oil 


Sample tested: MH 212 Date exper. started: 1 X 48* Mice ¢ 30 9 
Exper.: SOP 28 


Date of observation * 61 3II 12V 
97 125 
3 


0 

0 1 
1 
0 1 


24 
13 


1 
Applications per week: 
Applications XII 48 
Comment: : XII 48—The six early deaths were - to fighting. 
15 VI 49—Experiment was discontinued 


*The Roman numeral designates the month. 
+ The numbers refer to mice dying since the preceding observation. 


90 days but that after this most of the deaths occurred in mice with cancers. In the columns 
for survivors it is seen that the number recorded as “papilloma” animals decreased as the number 
with cancer increased. This reflects the fact that the cancers usually arise in preexisting 
papillomas and that as soon as a cancer appeared the animal bearing it was recorded solely in 
the cancer column, though he might still have one or more papillomas as well. 

Each month the data from the “front card” of each sample were converted according to the 
ratios defined in Table 2 and entered on a percentage table from which graphic representation 
was made. Chart 1 shows such a graph prepared from the data of Table 1. 


9. Twort, C. C., and Twort, J. M.: Suggested Methods for the Standardization of the 
Carcinogenic Activity of Different Agents for the Skin of Mice, Am. J. Cancer 17:293-320, 
1933. Spicer, C. C.: The Estimation of Tumour Susceptibility in Pure Lines, Brit. J. Cancer 
1:298-310, 1947. Berenblum, I.: A System of Grading Carcinogenic Potency, Cancer Res. 
§:561-564, 1945. 

10. Blanding, F. H.; King, W. H., Jr.; Priestley, W., Jr., and Rehner, J., Jr.: Properties of 
High-Boiling Petroleum Products: Quantitative Analysis of Tumor Response Data Obtained 
from the Application of Refinery Products to the Skin of Mice, Arch. Indust. Hyg., this issue, 
p. 335. 
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Chart 1.—A graphic presentation of the data of Table 1. It shows the response of mice to ‘ 
painting with a sample of high-boiling catalytically cracked oil (MH 212). The lowest line : i 
(0—O) records the percentage of mice dying without tumors. It may afford an indication of the 
toxicity of the sample but more often reflects deaths from intercurrent infections and from 
fighting. The distance between it and the next higher line (x—x) shows the percentage dead 
with papillomas. The distance between this line and the black-circle line (@—@) is the percent- 
age dead with cancers. The distance from the top of the scale on the right to the line marked by 
triangles (A—A) represents the percentage of living animals without tumors. The distance 
between it and the line marked by squares (()—(]) is the percentage living with papillomas. 
. The distance between this line and the black-circle line is the percentage of living animals 
bearing cancers. The percentage of animals living or dead with cancers is shown by the 
hatched area. The broken line (----) is the tumor index. At 244 days the cancer index is 67% 
and the tumor index 87%. 


DAYS 


Chart 2.—Response of mice to painting with methylcholanthrene (0.3% in acetone). The 
shaded area is the cancer area. The broken line is the tumor index. At 227 days the cancer 
index is 89% and the tumor index is 100%. 
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The potency of the oil can be judged by comparing this graph with that shown in Chart 2, 
which gives results of painting 30 mice with a 0.3% acetone solution of one of the most potent 
pure carcinogens, methylcholanthrene. It can be seen that the pure carcinogen elicited cancers 
more quickly and that the eventual yield of cancers was greater (hatched area). 

These graphs enable one to see at a glance the rate of appearance of papillomas, of cancers, 
the final yields of tumors of both types, and the death rates among tumor-bearing and non-tumor- 
bearing animals; but, for convenience in comparing large numbers of samples, two indexes were 
adopted: the tumor index and the cancer index, defined in Table 2. The potency of different 
samples can be readily compared by referring to the simple numerical expression 


Cancer Index 
Tumor Index 


at comparable times after the start of their respective tests. In general, the indexes obtained 
after 250 days serve as satisfactory indicators of the activity of a sample. Certain samples must 
be used for much longer periods, however, if their potency is to be appreciated. It may be 
mentioned that sarcomas were so rare as to be of no statistical significance, and do not appear 
in the charts and indexes. 


Taste 2.—Definition of Ratios Used in Construction of Graphs 


Number of living animals without tumors 


x 100 
Original number of animals 
Number of survivors with either no tumor or papilloma 
Papilloma survivors......... x 100 
» Original number of ‘animals 
Number of survivors with either no tumor or papilloma or/and cancer x 100 
4 ’ Original number of animals 
a Nontumor mortality........ Number of animals dead with no tumors xX 100 
q Original number of animals 
re q Papifoma mortality......... Number of animals dead with either no tumor or papilloma x 100 
4 ‘Original number of animals 
4 Cancer mortality............ Number of animals dead with either no tumor or papilloma or/and cancer x 100 
& Original number of animals 


Total number of animals in which cancer developed 
Original number of animals less the number dead at 90 days from causes other than cancer 
Total number of animals in which tumors developed x 100 
Original number of animals less the number dead at 90 days ys without tumors 
he term “tumors” ineludes both papillomas and cancers. 
"he cancer (shaded) area in the graphs represents animals living with cancer plus animals dead with cancer. 
= 


Cancer index 


x 100 


"Tumor index 


Thirty mice were used for each sample tested. This number was adopted because of the 
close check in “50% tumor point” found in the initial experiments, where results observed in 
a group of 100 mice were compared with results in a group of 25 mice painted with the same 
material. Losses inevitable in long-term experiments, such as those due to toxicity of the 
materials, to intercurrent infections, or to deaths from fighting, make it inadvisable to start a test 
with fewer than 30 mice. 


Repeat tests with MH 191 (a filtered sample of MH 101) and with two other potent 
catalytically cracked oils showed that reasonably reproducible results could be expected from 
tests on groups of 30 animals (Table 3). The degree of variation encountered should, however, 
be borne in mind in evaluating data from materials of fairly similar potency. These tests also 
showed that the carcinogenic material in the three oils studied was stable under ordinary 
laboratory conditions of storage in brown glass bottles. 

F The mice were painted three times a week (Mondays, Wednesdays, Fridays) in an area 
* about 1 cm. in diameter above the shoulder blades. The materials were applied with red-sable 
brushes mounted in the plastic caps of 2-0z. (about 57-cc.) dark-glass bottles, which were 
maintained about half full of test material to aid in delivering as nearly as possible the same 
dose each time. Hair was removed with electric clippers from the areas to be painted before 
the initial application and thereafter once a month or less frequently as needed. As has been the 
general experiencé, many materials that later proved carcinogenic brought about early loss of 
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hair. Each painting consisted of a single brush stroke against the direction of the hair, and 
it deposited about 15 mg. of material on the mouse, as learned by weighing the sample bottle 
before and after a series of applications. Samples with differing viscosities spread differently 
over the skin, and variables were thus introduced in the number of epithelial cells reached and 
in the concentration to which they were exposed. This factor could be partly overcome by 
warming the more viscous materials, and in the case of tars, heavy oils, or waxes solid at 
room temperature our practice was to place the sample bottles in an incubator at 55 C. for 
one to two hours immediately before they were used. An obvious precaution is to mix each 
sample well before each series of applications, especially in the case of materials exhibiting 
stratification or sedimentation. 

The mice were white male albino animals of market stock.? They were delivered to us at the 
age of 6 weeks and quarantined in the laboratory for at least two weeks before being used in 
any experiment, by which time they weighed 18 to 22 gm. The animals were painted until 
they died. After tumors appeared, the oil was applied around the living base of the growths, not 
on their often dead tops. At autopsy, sections were taken for microscopic study of representative 
tumors for each sample and of any internal lesions of interest. 


TaBLe 3.—Repeat Tests to Ascertain Variability of Results Calculated from Groups of Thirty 
Mice Painted with Three Different Catalytically Cracked Oils 


Cancer Index/Tumor Index at 


Date Test —— - 
Sample Started 160 Days 200 Days 20) Days 350 Days 
191 15 TX 48 0/16 4/24 8/12* 8/20* 
22 1V 49 0/14 4/21 4/29 7/32 
19 IX 49 0/24 4/24 8/32 16/40 
211 1 X 48 9/13 9/17 9/22 13/39 
22 IV 49 4/15 4/19 11/30+ eee 
173 25 VIIL 48 19/48 33,48 38/52 43/57 
6 XII 48 29/52 29/57 38/57 38/57 


* The lowering of the tumor index at the later time was due to regression of papillomas in certain of 
the animals. 


+ These were the findings at 265 days. 


FINDINGS 
The pathological changes and the growth behavior of the tumors induced in 
these experiments have been reported in detail elsewhere '' and will be summarized 
only briefly here. When the data were assembled (April, 1950) tumors had been 
induced in 1,458 of 6,990 animals whose skins had been painted. Of the 1,458 tumor- 
bearing animals, 1,183 had died; at the time of death 455 had carcinomas and 728 
had only benign papillomas. The dead animals were examined post mortem unless 
this was prevented by postmortem autolysis. Microscopic sections of the tumors 
were examined for 44% of the total number of tumor-bearing animals; for 34% 
of those having papillomas; for 59% of those having cancers. 

The characteristic microscopic feature of the benign papillomas was the promi- 
nent but benign hyperplasia and hyperkeratosis of the epithelium. The papillomas 
showed all intermediate variations in over-all structure from a narrow-based, 
papillary form, in which the epithelial growth was outward, to a broad-based, solid 
form in which the hyperplastic epithelium projected inward. It was in the latter 


11. Sunderland, D. A.; Smith, W. E., and Sugiura, K.: The Pathology and Growth 
Behavior of Experimental Tumors Induced by Certain Petroleum Products, Cancer, to be 
published. 
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type that carcinoma developed more frequently. After their initial appearance, the 
papillomas either regressed and disappeared after varying periods, or remained 
benign until the death of the animal, or changed to carcinoma. 

Microscopically proved cancers were produced by each of the following types 

of materials : high-boiling catalytically cracked oils, these blended in high concentra- 
tion with a noncarcinogenic residual petroleum fraction, some unrefined waxes, 
some tars from thermal cracking, and American shale oil. The majority of the 
carcinomas were of the squamous type with prominent epithelial-pearl formation. 
In a few there was marked spindle-cell metaplasia, often to such a degree that the 
microscopic appearance of the cancer simulated that of spindle-cell sarcoma. 
Metastases were produced by a minority of the tumors, generally those which 
exhibited rapid growth. The metastases were most frequently seen in axillary lymph 
nodes and lungs; less often, in cervical lymph nodes, and in one case, in axillary 
lymph nodes, lung, liver, and spleen. In a few animals, basal-cell epitheliomas 
occurred. Their appearance was not related to the degree of carcinogenicity or to 
the type of material tested. In some of these lesions there was microscopic evidence 
that the growth had its origin in hair-follicle epithelium. 
, In another place '* we will present data showing that the number of tumors 
’ occurring in mice exposed to a potent catalytically cracked oil (MH 101) can be 
greatly reduced by washing with soap and water shortly after the exposures occur 
: or by decreasing the frequency of exposure. A brief period of frequent exposures 
proved less hazardous than a similar number of exposures spread out over a long 
period. 

The findings given in the present paper are grouped under the headings of . 
(1) catalytically cracked oils and fractions thereof, (2) specially treated or blended 
oils, (3) waxes, (4) petroleum tars, and (5) American shale oil. 

Catalytically Cracked Oils and Fractions Thereof—The high degree of carcino- . 

genic activity found in the high-boiling fraction of catalytically cracked oil studied in 
the initial experiments led to tests of 10 other similar oils obtained by this process. 
Of these, five proved highly carcinogenic, two moderately so, and three were 
essentially negative, although one of the latter group elicited papillomas in a few 
animals after protracted painting. These tests demonstrated that the potency of the 
first material studied was not the result of some accidental or unusual circumstance, 
and might be anticipated as a continuing problem. 


On consulting with representatives of the Standard Oil Development Company, 
we learned that the varying potencies of these samples were roughly related to the 
percentages of material distilling above 700 F., as shown in Table 4. The Standard 
Oil Development Company then undertook fractionation of an active oil (MH 191) 
by vacuum distillation at a pressure of 2 to 10 mm. Hg in order to determine the 
variation of potency with boiling range. The data on these samples are reported in 
a Table 5. Temperatures employed for distillation under reduced pressure have been 
converted to the equivalent temperatures at atmospheric pressure and are so given 


12. Smith, W. E., and Sunderland, D. A.: The Effects of Frequency of Exposure and of 
Washing on the Occurrence of Tumors in Mice Painted with High Boiling Catalytically 
Cracked Oil, to be published. 
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in Table 5 and elsewhere in this paper. Much data on the temperature range of 
carcinogenic fractions of oils have been presented by the Tworts and their 
associates." 

From the data of Table 5 it can be seen that the fractions distilled below 700 F. 
elicited no tumors. Those distilled between 700 and 800 F. elicited benign 
papillomas in one-third of the effective number of test animals, but no cancers. 
The most active carcinogenic material distilled in wide range above 800 F. 
The most potent single fraction was the 950 to 965 F. cut, activity tapering 
off to either side of this region. Nevertheless, the activities of each of the six frac- 
tions between 800 and 1010 F. were great enough to be consistent with the view 


Tasie 4.—Carcinogenicity of Ten Catalytically Cracked Oils 


Volume Volume 

Per Cent Per Cent 

Distilling Cl/TI Distilling 

Sample Above 700 F. at 250 Days Sample Above 700 F. at 250 Days 

217 Less than 1 0/0 206 74 33/67 
213 3 0/0 173 738 38/57 
224 10 0/0 223 78 38/77 
219 3 4/4 216 45 46/71 
207 28 4/12 212 78 67/87 


CI/TI = cancer index/tumor index. 


Tas_e 5.—Carcinogenicity of Fractions Distilled from a High-Boiling Catalytically 
Cracked Oil (MH 191) 


Per Cent Boiling CI/TI 
. Sample by Volume Range at 300 Days 
404 24.1 600- 650 F. 0/0 
405 29.1 650- 700 F. 0/0 
406 214 700- 750 F. 0/30 
407 111 750- 800 F. 0/29 
sg 408 19 800- 900 F. 14/36 
409 2.1 900- 930 F. 17/50 
410 21 930- 950 F. 22/43 
411 21 950- 965 F. 28/64 
412 21 965- 980 F. 10/60 
413 1.5 980- 1010 F. 19/46 
415* 2.5 1010 F.+ 4/15 


191 Original material 16/32 
416 Proportional recombination of samples 404-415 8/23 


* Sample 415 was a 50% solution in pyridine of the bottoms boiling above 1,010 F. 


that more than one carcinogenic chemical may be present. Also, from the data of 
Table 5 it can be seen that 85.7% of this cracked oil boiled below 800 F.; hence 
the potent carcinogenic material was contained in a relatively small portion of 
this fraction (MH 191) from the catalytic cracking operation. Since the yield of this 
fraction (MH 191) is only 20.3% by volume of the total products produced by this 
operation, the active fraction represents only a very small portion of the total 


13. (a) Twort, C. C., and Twort, J. M.: The Relative Potency of Carcinogenic Tars and 
Oils, J. Hyg. 29:373-379, 1930; (b) On the Prevention of Mineral Oil and Tar Dermatitis and 
Cancer, Lancet 1:286-287, 1934. (c) Twort, C. C., and’Fulton, J. D.: Experiments on the 
Nature of the Carcinogenic Agent in Mineral Oils, J. Path. & Bact. 34:149-161, 1929. (d) 
Twort, J. M., and Lyth, R.: The Concentration of Carcinogenic Materials in Mineral Oils by 
Distillation Processes, J. Hyg. 39:161-169, 1939. 
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product (2.9%). Samples of catalytically cracked oils boiling below 700 F. and 
therefore containing little high-boiling oil were in fact noncarcinogenic or only 
weakly so (Tables 4 and 10). These facts have been used in segregating nonactive 
from active fractions in refinery distillation equipment. Experiments relative to the 
disposition of the potent high-boiling fraction are described in the following section. 

The final line in Table 5 gives the result of a test on a sample prepared by 
recombining the various fractions of MH 191 in such proportions as to reconstruct 
the original material. This “recombined” sample exhibited a potency somewhat less 
than that of the original material, showing that the activity observed in the case of 
the high-boiling fractions was not the result of distillation. 

An evident question lay in whether carcinogenic material exists in feed stocks 
supplied to fluid catalytic-cracking units or whether such material forms as a result 
of the cracking process. Two samples of feed stocks (MH 361, 366) representing 
simple distillates of crude oil and containing, respectively, 44 and 48% of material 
distilling above 700 F. were found to possess some activity but gave rise only to 
benign papillomas and clicited no cancers (Table 10). Blends containing this much 


Taste 6.—Concentration of Carcinogenic Activity in the Aromatic Fractions of Catalytically 
Cracked Oils 


Per Cent CI/TI 

Materia! by Volume at 250 Days 
High-boiling catalytically cracked oil 100 25/62 
Aromatie fraction* (acetone-eluted) from Sample 101 50/97 
Nonaromatie fraction* (heptane-eluted) from Sample 101 0/3 


High-boiling catalytically cracked oil 8/12 
0-700 F. fraction of Sample 191 3/3 
700 F. + fraction of Sample 191 we 2 29/42 
Sample 193 free of material insoluble in n-heptane seine 36/43 
Nonaromatie fraction* (heptane-eluted) from Sample 195 0/4 
Aromatie fraction* (cumene-eluted) from Sample 195 ' 50/80 
Aromatic fraction* (acetone-eluted) from Sample 195................ by 19/31 


* These fractions were prepared after adsorption on silica gel columns. 


high-boiling catalytically cracked material are very potent (Table 9). Hence, strong 
carcinogenic activity was not a property of the crude-oil fraction employed as feed 
stock but was conferred on it by the cracking process. One might inquire whether 
the few tumors elicited by the crude distillates were due to carcinogenic molecules 
formed at some remote geologic time or to such molecules produced by the tempera- 
tures involved in distillation. 

Studies were next made to gain information on the chemical nature of the car- 
cinogenic material in high-boiling catalytically cracked oil. The data given in Table 6 
were obtained from tests run on fractions prepared from one such oil (MH 101-191). 

In the first instance, MH 101 was adsorbed on a silica gel column, and the non- 
aromatic components were eluted with excess normal heptane. The solvent was then 
evaporated off and the residue, which contained the nonaromatic components and 
comprised 68% by volume of the original material, proved practically devoid of 
carcinogenic activity. The column was then eluted with acetone, and the material 
recovered was tested on mice after evaporation of the solvent. This material, which 
contained the aromatic components, showed greater carcinogenic activity than the 
original oil although it comprised only 32% by volume of the original oil. Substan- 
tial concentration of the active material had thus been achieved. 
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MH 191 (a filtered batch of MH 101 free of sediment) was the starting material 
for another separation. Material boiling below 700 F., which proved essentially 
inactive, was removed by distillation, and the fraction boiling above 700 F. was 
dissolved in normal heptane for the chromatographic separation. A small amount of 
the higher-boiling fraction was insoluble in normal heptane. A sample of the original 
700 F. + fraction with the normal heptane insolubles removed had, when tested, 
approximately the same activity as the original oil (Table 6). The soluble material 
was then adsorbed on a silica gel column, the nonaromatic components were removed 
with excess normal heptane and the aromatics eluted with cumene. After evaporation 
of solvents, the nonaromatic components proved essentially negative when tested 
on mice. In contrast, the cumene eluate elicited tumors in a far higher percentage 
of test animals than had the whole original oil. Since the material extracted by 
cumene comprised 13.7% by volume of the original oil, it is clear that at least a 
sevenfold concentration of carcinogenic components had been achieved. If one 
further compares the cancer index/tumor index ratio of the original oil (8/12) 
with that of the cumene eluate (50/80), one might argue that the latter possessed 
roughly six times the potency of the former. Though the validity of such close com- 
parison of CI/TI ratios awaits further study, it would nonetheless appear that the 
actual concentration of carcinogenic material paralleled the increased activity 
exhibited by the mouse data. 

After the column had been eluted with cimene, it was washed with acetone, 
and material equivalent to 5.4 per cent by volume of the original oil was recovered. 
This material gave a CI/TI ratio of 19/31. It had been hoped that the cumene 
would elute from the column less highly condensed aromatics of low carcinogenicity, 
leaving the more highly condensed aromatics of high carcinogenicity on the column 
to be subsequently eluted with acetone. The data show, however, that this was not 
accomplished. These data are not to be interpreted as showing that acetone is not 
a good eluent for these materials, but only that cumene had already removed some 
of these materials from the column. The experience with the nonaromatics eluted 
with normal heptane provided good evidence that the specific compound or com- 
pounds responsible for the carcinogenicity of this material belong to the aromatic 
series. 

Specially Treated or Blended Oils——Exploratory tests were made to determine 
whether the carcinogenic material could be removed from a high-boiling catalytically 
cracked oil (MH 191) by the use of active adsorbents other than silica gel or by mild 
hydrogenation. Tumors appeared later and in a smaller percentage of animals 
painted with samples treated in these ways (Table 7). These results were not 
sufficiently encouraging to warrant further study at this time. Tests were run on 
samples of MH 101 treated with varying amounts of sulfuric acid. In the range 
of acid treatment used, no reduction of carcinogenicity was accomplished (Table 8). 
Other procedures for reduction of carcinogenicity of oils have been found by the 
Tworts to have varying degrees of effectiveness." 

In our hands, effective reduction of carcinogenicity was shown to occur as a 
result of reducing the concentration of carcinogens by diluting the sample with 
inactive oil (Table 9). The first test was done with MH 101 diluted with a non- 
carcinogenic residual oil (MH 114). No important reduction of potency was found 
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when the blend contained 55% or more of MH 101. The potency fell off markedly 
when the amount was reduced to 29%, although this still elicited a considerable 
number of papillomas and a few cancers. Another potent catalytically cracked oil 
from a different refinery run (MH 173) was diluted with a noncarcinogenic residuum 
(MH 175) for the second test. The blend containing 40% of the potent oil was 
as carcinogenic as the whole original material. When the proportion of MH 173 was 
reduced to 20%, sharp reduction in potency was found, and when the proportion 
was further reduced to 10%, no cancers resulted, although papillomas still appeared 
in a small percentage of animals. Since we had evidence, as previously shown, 
that the carcinogenic properties resided in the material distilling above 700 F., the 
results may be more usefully stated by referring to the percentage of catalytically 
cracked materials boiling above 700 F. in the blends, as given in Table 9. It is 
seen that the limit of such material which did not produce cancer was between 
8 and 13%. 


TaBLe 7.—Tests of Hydrogenated and of Adsorbed Oil 


Cancer Index/Tumor Index at 


Material "190 Days 244 Days 323 Days zs 
High-boiling catalytically cracked oil 8/32 16/40 
191, hydrogenated =< 4/29 
191, contacted with magnesol® 
191, contacted with norit® A 


TABLE 8.—Failure to Reduce Carcinogenicity by Treating with Feasible Amounts of 
Sulfuric Acid 


CI/TI 

Material at 374 Days 
High-boiling catalytically cracked oil 39/68 
101, treated with 3 lb. (1.3 kg.) of 98% acid per barrel 33/58 
169 101, treated with 3 Ib. of 98% acid per barrel 39/68 
170 101, treated with 8 Ib. (3.6 kg.) of 98% acid per barrel 31/69 
171 101, treated with 8 lb. of 98% acid per barrel. 23/73 


Additional series of blends in this range were prepared from four different 
refinery products and tested, with the results given in Table 10, to which the 
following statements refer. In the first group of tests, the oil (MH 361) supplied 
to the catalytic unit was tested before cracking and found to elicit occasional papil- 
lomas but no cancers. After cracking, two products were examined. One was a light 
gas oil, 95% of which boiled below 700 F. The other product was a clarified oil, 
about 60% of which boiled above 700 F. The lighter fraction was essentially negative 
as regards tumor production (MH 362). The higher-boiling fraction (clarified oil) 
was blended with a noncarcinogenic base stock to give the blends shown in Table 10. 
The biological tests showed that the 33.3% blend possessed considerable carcino- 
genicity. The 8.3% blend was considerably less potent. 

A second series, similarly planned, showed negligible activity in the oil supplied 
for cracking (MH 366). The light gas oil stream, cut so as to contain no material 
boiling above 700 F., proved completely noncarcinogenic (MH 367). The high- 
boiling clarified oil was diluted with a noncarcinogenic residuum into a series of 
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blends. The 33.3% concentration showed moderate activity, whereas the 16.7% 
blend was much less active, eliciting no cancers whatever and papillomas in only 
10% of the animals. The 8.3% blend had negligible activity. 

A third sample of clarified oil was fractionated into a light fraction distilling 
largely between 650 and 700 F. (although, owing to inefficient fractionation, this 
cut is believed to contain approximately 10% boiling above 700 F.) and one fraction 
distilling above 693 F. The lower-boiling cut (MH 371) had a low potency. The 


TABLE 9.—Reduction of Carcinogenic Activity by Diluting Samples with Noncarcinogenic Oils 


Per Cent Cancer Index/Tumor Index at 
Distilling - A 
Sample Material Above 700 F. 250 Days 300 Days 465 Days 


101 Catalytically cracked oil 45% 27/62 30/65 
127 Blend containing 67% 101 30% 23/67 43/67 
121 Blend containing 55% 101 25% 13/57 21/54 
115 Blend containing 29% 101 13% 0/27 6/21 
114 Crude residuum* .......... siscodeee 0/0 0/0 


173 Catalytically cracked oil 38/52 43/57 
179 Blend containing 40% 173 87/48 44/59 
177 Blend containing 20% 173 8/33 17/37 (29/50)+ 
1%6 Blend containing 10% 173 0/0 0/4 (0/8)t 
17% Crude residuum* 0/0 0/0 


* This residuum was the noncarcinogenic of] used to prepare the series of blends. 
+ This reading was made at 380 days, when the expe ts were terminated. 


TABLE 10.—Reduction of Carcinogenic Activity by Diluting Samples with Noncarcinogenic Oils 


Approximate 
% of 


Catalytically 

Cracked Mate- Cl/TI at 

rial Boiling -—— A 

Above 700 F. 240 Days 296 Days 
Feed to catalytic unit (44%"*) 0/4 0/17 
Blend containing 33.3% clarified 3/30 7/43 
Blend containing 8.3% clarified 3/13 3/17 
Light catalytic cycle gas oil 0/4 0/4 


Feed to catalytic unit 0/4 0/4 
Blend containing 33.8% clarified 3/17 3/31 
Blend containing 16.7% clarified 0/0 0/10 
Blend containing 8.3% clarified 0/8 0/8 
Light catalytic cycle gas oil 0/0 0/0 


Blend containing 25% clarified oil (693 F.+) 3/2 8/41 
Clarified-oil fraction 10% 0/10 3/10 


Blend containing thermally treated clarified oil 20% 7/2 7/41 
Blend containing thermally treated clarified oil 10% 0/40 10/47 
Blend containing thermally treated clarified oil 5% 0/4 0/11 


S33 FERS 


*The high-boiling material designated by asterisks had not been subjected to cracking at the time 
samples were withdrawn for test. 


higher-boiling material was blended in 25% concentration with a noncarcinogenic 
residuum. This blend was moderately active. The cut of clarified oil boiling above 
693 F. used in this last series was subjected to further cracking in a thermal type of 
operation, after which only 48% of it still boiled above 693 F. Blends of the latter 
material at 20% and 10% concentration showed about equal biological activity, 
producing papillomas in a high percentage of animals and a moderate number of 
cancers. A blend containing 5% of this material had only weak activity and elicited 
no cancers. 
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Waxes—Waxes were applied to the mice by painting in the same manner as 
the oils, but it was necessary to melt them before application. The bottles were 
therefore placed in an incubator at 55 C. for one to two hours immediately before 
use. It was feared that the wax, after solidifying on the backs of the mice, might 
peel off and be lost, thus vitiating the method of test. This did not happen, however. 
The formation and casting-off of molds of the back occurred with application of 
large amounts, but the films deposited by a single stroke of the small brushes 
employed evidently penetrated into the skin while still warm, a finding of some 
note in itself relative to industrial hygiene problems in wax works. 

We tested a group of eight “slack waxes” obtained from pressing operations. 
It is important to note that these “slack waxes” contained large quantities of oil 
and are not to be confused with the highly refined paraffin waxes encountered in 
commerce. Because of the finding described in a preceding section of concentration 
of carcinogenic activity in aromatic fractions of catalytically cracked oils, aromatic 


extracts were prepared by elution from silica gel columns charged with the waxes 
studied. 


Taste 11.—Comparison of Carcinogenic Activities of Unrefined (“Slack”) Waxes and 
Aromatic Extracts Derived from Them 


“Slack Waxes” Aromatie Extracts 


Per Cent CI/TI at Per Cent CI/TI at 
y Wt. by Wt. of 

Sample of Oi" 250 Days 450 Days Sample Aromaties* 250 Days 450 Days 
145 2 423 8/19t 231 13 14/38 24/38 
147 0/3 233 9 19/30 23/35 
1 29 oe 4/4 235 4 17/35 17/433 
141 19 03 0/7 228 7 3/17 14/34 
142 21 0/4 0/4 229 9 6/0 9/13 
4 21 04 O/4 230 2 0/42 8/308 + 
149 29 47 4/4 234 ll 4/22 4/303 
146 12 00 4/4 232 8 


0/8 4/19 


* This means the percentage by weight based on the weight of the total slack wax or the total aromatics. 


t The lower tumor index (TI) at the later date is due to spontaneous disappearance of some papillomas. 
} The experiment was discontinued after 335 days. 


§ The experiment was discontinued after 400 days. 


The findings are given in Table 11, from which it is seen that the “slack waxes” 
showed only a low order of carcinogenicity at the time usually taken for estimating 
the cancer index/tumor index (CI/T1) ratios for comparative purposes (250 days). 
When, however, the painting was continued for 450 days, approaching the life span 
of many mice, every “slack wax” elicited some papillomas and most of them a few 
cancers as well. The aromatic extracts of these “slack waxes,” on the other hand. 
showed much greater potency in every instance. They elicited tumors in considerable 
numbers, often cancers, after 250 days. However, as can be seen from Table 11, the 
aromatic extracts represent only a small percentage of the total wax. 

These findings indicate that the carcinogenicity of “slack waxes” is due not to 
the paraffins but rather to the aromatic components of the oils from which the waxes 
were pressed and which are retained in the wax as impurities. The refined waxes sold 
in commerce have had these impurities removed by extensive further treatment 
of the “slack wax.” ; 

Petroleum Tars.—Data on petroleum tars are given in Table 12. The degree of 
carcinogenicity of tars prepared by various processes varied as shown. Although the 
findings suggest that certain processes result in formation of more highly carcino- 
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genic tars than others do, this cannot be concluded on the basis of the present 
evidence, since the starting materials utilized for the different processes varied. 
Nevertheless, it can be seen that none of the tars derived from petroleum was as 
active as a sample of coal tar. It may be recalled that in the production of coal tar 
higher temperatures are usually employed than in the production of petroleum tars. 

Fractions distilled from a steam-cracked tar (MH 109) gave the information 
shown in Table 13. The distribution of carcinogenic material in the distillation frac- 


Taste 12.—Carcinogenicity of Tars Prepared by Various Processes from Petroleum Compared 
with a High-Temperature Coal Tar 


at 
Sample Material ma 250 Days 300 Days 
110 Thermal tar (from naphtha reforming).................0.eeeeeeee 0/11 7/18 
109 Tar from steam-cracking a paraffinie gas oil....................6 23/46 38/62 


Taste 13.—Carcinogenicity of Fractions Distilled from Steam-Cracked Tar (MH 109) 


Per Cent Boiling Ccl/Tl 
Sample by Volume Range* at 244 Days 

398 27.4 1.B.P.- 600 F. 
650 F. 0/10 
395 16.2 700 F. 0/10 
396 6.2 700- 70 F. 12/58 
397 800 F. 33/74 
398 6.3 1050 F. 41/72 


*These boiling ranges represent cut points used in fractional distillation. Fractionation was imperfect, 
= each cut contains higher-boiling components than the final cut point indicated. I.B.P. = initial boiling 
point. 


TaBLe 14.—Carcinogenicity of Fractions Distilled from Colorado Shale Oil 


266 0550 F. (PVT) ¢ fraction from 0/0 
267 550-700 F. (PVT) fraction from 266. 5/9 
268 700 F. + bottoms fraction from 265.............0ccccsecsecccccccccees 0/0 


Proportional reblend of samples 266, 267, 2 


tions of this tar was found to be similar to that reported earlier in this paper for 
high-boiling catalytically cracked oils in that carcinogenic properties were negligible 
in fractions distilled below 700 F. 

The carcinogenic activity of another petroleum tar (MH 110) was tested in 
blends prepared with an inactive residual oil. After 430 days the blends containing 
78%, 68%, and 42%, respectively, of this tar gave CI/TI ratios of 10/47, 17/66, 
and 10/13. It is possible that the increase in activity of the 68% blend in contrast 
to the 78% blend reflected better skin penetration of the 68% material. 

American Shale Oil—The well known carcinogenicity of oil prepared from 
Scottish shale raised questions as to possible industrial hazards of products derived 
from shale deposits in America. A shale-oil industry has not yet been developed in 
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the United States, but through the courtesy of the United States Department of the 
Interior, Bureau of Mines, samples were obtained from a Colorado oil shale that 
had been subjected to an experimental retorting. 

The sample of the total shale oil, obtained from a single pilot run, was found to 
possess carcinogenic activity, though of a low order (Table 14). The fraction dis- 
tilled up to 550 F. was negative. The carcinogenic material came over in the range 
550 to 700 F. From our experience with petroleum distillates, it had been expected 
that the fraction boiling above 700 F. would be the most active, but this was not the 
case, the 700 F. + fraction of shale oil proving completely negative. Another dis- 
crepancy lay in the finding of apparently greater activity in a proportional reblend of 
the shale distillates than had been found in the 550-to-700 F. fraction alone or in the 
original oil. This may mean that some part of the carcinogenic material not present 
in the original oil was formed in the process of distillation, but the actual numbers 
of tumor-bearing animals were too small to permit decision on this point. 


SUMMARY 


Carcinogenic activity was found in oils boiling above 700 F. obtained from 
petroleum by the fluid catalytic cracking process. The carcinogenic material was 
contained in the aromatic components of these oils. Nonaromatic fractions were 
essentially noncarcinogenic. Laboratory fractionation showed that the most potent 
material distilled between 800 and 1010 F. Within this range no considerable 
segregation of carcinogenic activity was achieved by narrower temperature cuts, 
which suggests that more than one carcinogenic compound was present. Fractions 
distilling below 700 F. were essentially noncarcinogenic. Light gas oil with little 
or no carcinogenicity was obtained when the effluent oil stream from fluid catalytic 
cracking operations was cut in the region of 700 F. 

The carcinogenic activity of potent oils was reduced by diluting these with non- 
carcinogenic oils. Blends containing not more than 10% of catalytically cracked 
oil distilling above 700 F. usually failed to elicit cancers. Mild hydrogenation or 
treatment with active adsorbents reduced but did not abolish carcinogenicity. Mild 
acid treatment employing 0.8 to 2.2% by weight of 93% and 98% sulfuric acid had 
no significant effect on the carcinogenicity of an oil. 

Unrefined “slack waxes” induced occasional benign papillomas and a few cancers 
after prolonged painting. Aromatic extracts of such waxes were, however, much 
more active. Therefore, the carcinogenicity of “slack waxes” is attributed not to 
the paraffins but to aromatic components of the oils from which they were pressed. 
The aromatic components are removed in the further purification of waxes for 
marketing. 

Tars prepared from petroleum by cracking processes exhibited varying degrees 
of carcinogenic activity, but none were as potent as a high-temperature coal tar. 

Samples obtained in an experimental retorting of Colorado oil shale elicited 
tumors, both benign and malignant, in a small percentage of animals tested. 

The Standard Oil Development Company played an active role in selecting the materials used 
in this study and in systematically organizing and carrying out extensive separations, prepara- 
tions, and analyses of the many fractions, blends, and special products in their laboratories. For 
continued cooperation, valuable discussion, and much technical advice, particular acknowledg- 
ment is made to H. G. M. Fischer, William Priestley Jr., John Rehner Jr., and their associates 


in the Standard Oil Development Company, and to J. P. Holt, R. E. Eckardt, and their asso- 
ciates in the Standard Oil Company (New Jersey) Medical Department. 
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PROPERTIES OF HIGH-BOILING PETROLEUM PRODUCTS 
Physical and Chemical Properties as Related to Carcinogenic Activity 


H. G. M. FISCHER, E.E. 
WILLIAM PRIESTLEY Jr., M.S. 
L. T. EBY, Ph.D. 


G. G. WANLESS, B.Sc. 
AND 
JOHN REHNER Jr., Ph.D. 
LINDEN, N. J. 


HE PURPOSE of this paper is to review broadly, with a minimum of 

technical detail, some pertinent physical and chemical properties of carcino- 

genic petroleum products * and the relationships of these properties to carcinogenic 

activity. During the past few years, a group of research chemists and chemical 

engineers in the Esso Laboratories have carried out an extensive experimental 

program, their aim being to advance knowledge of the components of catalytically 

cracked oils that are responsible for carcinogenicity, and to develop means for con- 

. trolling such products. Some of the background work and details of pertinent 
experimental methods have been published elsewhere.* 

On being confronted with a biologically hazardous product of complex nature, 
the research chemist immediately asks himself several questions: 1. What 
substance or substances in this product are the offenders? 2. How can one 
analyze or assay such products so as to control them? 3. What can one do to the 
products to reduce or eliminate the hazard? In the following discussion of these 
questions, we do not wish to leave the impression that the answers are complete 
and final. Nevertheless, it is believed that substantial progress can be demonstrated, 
and the problem no longer appears as formidable as it did at the outset of this work. 


NATURE OF THE OFFENDING COMPONENTS 


The first question raised above is essentially an inquiry concerning the chemical 
composition of a high-boiling catalytically cracked oil. While this question might 


From the Esso Laboratories, Standard Oil Development Company. 

This paper was read at the Joint Industrial Health Conference of the American Association 
of Industrial Physicians and Surgeons and the American Industrial Hygiene Association, 
Atlantic City, N. J., April 25, 1951. 

1. In this paper “carcinogenic petroleum products” are those which produced tumors or 
cancers when applied to certain experimental mice under conditions referred to later. 

2. (a) Eby, L. T.; Wanless, G. G., and Rehner, J., Jr.: Properties of High Boiling Petro- 
leum Products: Distillation Studies with Relation to Polynuclear Aromatic Components, Indust. 
& Engin. Chem. 43:954, 1951. (b) Wanless, G. G.; Eby, L. T., and Rehner, J., Jr.: Properties 
of High Boiling Petroleum Products: Physical and Chemical Characterization Studies with 
Relation to Polynuclear Aromatic Components, Analyt. Chem. 28:563, 1951. 
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seem somewhat academic, it was regarded as exceedingly practical, because such 
information, once obtained, could be helpful in tackling the problems of analysis and 
oil processing. 

A companion paper * points out that, through mouse tests made with certain oil 
fractions prepared in these laboratories, it was established that the carcinogenic 
components of high-boiling catalytically cracked oils occur only in that part of the oil 
boiling above about 700 F. and are associated with the aromatic fraction of the oil, 
the nonaromatic fraction being noncarcinogenic. This preliminary, but important, 
discovery immediately cast suspicion on polynuclear aromatic hydrocarbons, because 
such hydrocarbons are high-boiling and are known to be present in this class of 
petroleum products.‘ Also, many such hydrocarbons have been synthesized and 
studied during the past 20 yr. or more, and are known to be carcinogenic. They 
include many derivatives and substitution products of benzanthracene, phenanthrene, 
pyrene, chrysene, and other types of condensed-ring aromatic hydrocarbons. A 


Hydrocarbons Present in the 392-770 F. Fraction from a Severely Cracked Tar 


Per Cent 


of Distilled Refractive 
P Boiling Fraction, Index, n2° 
/@ Range, F. by Weight — Probable or Actual Hydrocarbons Present 
d 302-441 5.8 Solid Naphthalene 
441-482 6.7 1.6060 Methyl naphthalenes 
482-518 8.3 1.6070 * Dimethyl and ethyl naphthalenes 
4 516-654 8.3 1.6110 { Trimethy] and dimethy] ethy] naphthalenes 
Fluorene * 
he 4 554-008 4 1.6240 { Naphthalene homologs (Cis to C20) 
Anthracene * 
608-680 30.1 Solid { 
Methyl, dimethyl, and ethyl anthracenes 
4 680-716 1.6910 
4 Pyrene * 
‘3 716-770 12.2 Solid Fluoranthene, and higher-boiling homologs 
; of anthracene and phenanthrene - 


* Isolated and identified. 


number of excellent reviews of the carcinogenic hydrocarbons, including the 
important effects exerted by substituent groups and isomerism, are available in the 
literature.* With the exception of one or two smaller types of aromatic molecules 
that are of no importance in our case, the carcinogenic hydrocarbons contain at least 
four condensed benzene rings per molecule. Such compounds have very high boiling 
points. This explains why only very high-boiling petroleum products can display 
appreciable carcinogenic activity ; lower-boiling products, such as gasolines, heating 
oils, and related products, are not carcinogenic, even when they are partly aromatic. 
In fact, even many of the high-boiling products are inactive * unless the conditions 


; 3. Smith, W. E.; Sunderland, D., and Sugiura, K.: Experimental Analysis of Carcinogenic 
Activity of Certain Petroleum Products, Arch. Indust. Hyg., this issue, p. 299. 
we 4. Esso Laboratories: Unpublished data. 


5. Badger, G. M.: The Carcinogenic Hydrocarbons: Chemical Constitution and Carcino- 
genic Activity, Brit. J. Cancer 2:309, 1948. Hieger, I.: Chemical Carcinogenesis: A Review, 
Brit. J. Indust. Med. 1:1, 1949. Cook, J. W.: Polycyclic Aromatic Hydrocarbons, J. Chem. 
Soc. 1210, 1950. 
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of synthesis or processing have been such, apparently, as to favor the creation of 
highly condensed aromatic components. 

One might ask whether there is any direct evidence that such molecules are 
present in carcinogenic petroleum products, or whether the above remarks are 
merely based on indirect evidence and inference. In answer to this question, it 
should first be pointed out that high-boiling petroleum products undoubtedly con- 
tain thousands (if not millions) of many types of hydrocarbons, derivatives, and 
isomers of varying complexity,’ and that complete resolving of such products into 
their individual molecular species is not yet possible. Nevertheless, the petroleum 
chemist is able to resolve such products into certain types or families, and is 
occasionally fortunate or skilled enough to isolate a pure species. The fractionation 
and isolation techniques employed in such work involve various physical and 
chemical methods; these are by no means standardized or routine, nor can they 


HEAVY CATALYTIC CYCLE GAS OIL (100%) 


Maleic anhydride 


| 
| 


MALEIC ANHYDRIDE ADDUCTS (2.8%) 


Fractional vacuum 
| sublimation (1-2 mm. Hg.) 


230-280 C. SUBLIMATE (0.56%) 


a Chromatographic development 
| on alumina column 


6- (or 5-) ISOPROPYL~-! ,2-BENZANTHRACENE (0.0! %) 


Fig. 1—Scheme for separating polynuclear aromatic hydrocarbons from high-boiling cataly- 
tically cracked oils. 


readily be described in an article of this scope. For these reasons, main emphasis 
will be placed on the results. The table lists some of the hydrocarbons present in a 
severely cracked tar known * to be carcinogenic to mice. The compounds marked 
with asterisks were actually isolated and identified.’ Higher condensed-ring aro- 
matics, such as pyrene, are noted among the components. There is no reason to 
doubt that more complex derivatives of anthracene, phenanthrene, and pyrene are 
present in the higher-boiling fractions of this tar, which were not resolved and 
studied. 

Figure 1 is a simplified outline of a separation scheme, carried out in our 
laboratories, which yielded a minute amount of an impure alkylated benzanthracene 


6. Evans, R. F., and Le Quesne, W. J.: A Calculation of the Number of Positional 
Isomers in Some Aromatic Systems, J. Organ. Chem. 15:19, 1950. 

7. The information given in the table was obtained in the Petroleum Refining Laboratory, 
Pennsylvania State College, and was supplied by Prof. M. R. Fenske. 
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from a high-boiling catalytically cracked oil known to be carcinogenic to mice. 
One of the chromatographic fractions obtained in this work was found, according to 
ultraviolet-absorption analysis, to be an 80%-pure sample of 6-isopropyl-1,2-benzan- 
thracene (Fig. 2). (There is a possibility that the isopropyl group was in the 5- 
rather than the 6-position.) It is known that both the 5- and the 6-isopropyl-1,2- 
benzanthracene are carcinogenic to mice. Unfortunately, the amount of sample 
obtained was too small to permit further purification and mouse testing for con- 
firmation. In another series of separations that were carried out on a different 
sample of a similar carcinogenic oil, one of the final products was found, by ultra- 
violet-absorption and chemical analysis, to be an impure sample of a methyl chrysene 
(Fig. 3). The position of the methyl group is not known. However, it is known 
that a number of methyl and dimethyl chrysenes are carcinogenic to mice. 


| 


(CH3), CH 


Fig. 2—Chemical structure of 6-isopropyl-1,2-benzanthracene. 
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CH, 


Fig. 3—Chemical structure of methyl chrysene. 


The benzanthracene and chrysene derivatives mentioned above are, to our best 
knowledge, the first presumably carcinogenic hydrocarbons of reasonably certain 
structure and fair purity to have been isolated from a carcinogenic petroleum prod- 
uct. However, we do not wish to create the impression that these compounds are 
entirely, or even primarily, responsible for the carcinogenic activity of high-boiling 
catalytically cracked products, because this is probably not true. Many fraction- 
ations and hydrocarbon-type separations have been carried out* on such prod- 
ucts, and this work has shown, beyond reasonable doubt, that not only are benzan- 
thracene and chrysene derivatives present but also pyrene and benzphenanthrene 
derivatives, and other more complex types of aromatic molecules. On the basis of 
this and related information, we believe that several general chemical types or 
families of carcinogenic aromatic hydrocarbons are represented and that many 
individual molecular species of carcinogens may therefore be present. 
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ASSAY METHODS FOR CARCINOGENIC REFINERY PRODUCTS 


The second question originally posed relates to the analysis, or assay, of carcino- 
genic products for control purposes. It is well known that mouse tests require 
months for their completion, and it is not possible to store individual lots of refinery 
products for long periods, because of the large volume of production. Also, it is 
important to emphasize that refinery operations, processes, and products are 
generally not uniform from day to day, and they also differ considerably between dif- 
ferent refineries. This day-to-day variability is dictated by a number of economic 
and other factors that need not be discussed here; the essential point is that a 
rapid and fairly simple assay method is required that can satisfy refinery conditions. 
In developing such a method, mouse-test data on a variety of products are obviously 
useful for purposes of correlation, and serve as primary reference points. How- 
ever, it is important to recognize that, for reasons mentioned above, mouse-test 
results obtained for a given product made today may not hold for the same type of 
product made tomorrow in the same manufacturing unit. 

It is apparent that separation schemes like those indicated in Figure 1 are out of 
the question as suitable assay methods, not only because they are difficult and time- 
consuming but also because there is no assurance that they will isolate all of the 
carcinogenic species present, as has already been pointed out. Specifically, the 
required method must yield results within a few hours, must be simple and 
capable of being used by routine laboratory technicians, and must be reasonably 
reliable and reproducible. Several methods meeting these requirernents have been 
developed in our laboratories. They are presented below. We wish to point out, 
however, that although these methods yield promising correlations, they are based, 
at this time, on a limited amount of data and therefore cannot be recommended for 
routine use without some reservation. In this regard, nevertheless, it is a common 
experience that in any particular refinery operation the adoption of a control method 
usually serves to eliminate the major cause of a deficiency, even though the control 
method employed may at first be only an approximate one. It is felt, therefore, that 
the disclosure of these promising, but not yet completely established, methods is 
warranted. 

In order to correlate the results of the various laboratory assay methods with 
mouse-test data, it is first necessary to transcribe the latter into a suitable numerical 
measure of “tumor potency.” The detailed method developed and adopted in these 
laboratories for doing this is described elsewhere.* It will only be mentioned that, 
in the method referred to, the conservative practice was adopted of including all 
tumors, whether benign or malignant, in the “tumor potency” value, even though 
there were quite a few samples which caused benign tumors in the animals but failed 
to elicit any cancers during the life span of the animals. 

In developing assay methods, we adopted the following approach. Complete 
isolation and measurement of all the carcinogenic species present in a given sample 
would be exceedingly laborious, and perhaps impossible, and would be out of the 
question as a practical method. However, methods might be developed for measur- 


8. Blanding, F. H.; King, W. H., Jr.; Priestley, W., Jr., and Rehner, J., Jr.: Properties 
of High-Boiling Petroleum Products: Quantitative Analysis of Tumor-Response Data Obtained 
from the Application of Refinery Products to the Skin of Mice, Arch. Indust. Hyg., this 
issue, p.335. 
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ing the gross concentrations of certain hydrocarbon types that were expected, from 
the general chemical evidence, to include the carcinogens among their ranks. If 
then, in the course of synthesis or cracking leading to the production of such a 
product, an equilibrium or steady-state ratio were attained between the concentra- 
tions of the true carcinogens and the hydrocarbon types to which they belonged, 
gross measurement of the latter would be expected to yield the effective concentra- 
tions, and perhaps the potencies, of the carcinogenic components. There were 
grounds for expecting that such a species equilibrium might exist, on the basis of 
previous knowledge of the chemical syntheses occurring in the refining processes. 
This viewpoint was in fact supported to a good degree of approximation by the 
ad hoc evidence, as will be shown below. A brief review will now be given of the 
most promising assay methods found to date. 

Ultraviolet-Absorption Method.—Figure 4 shows the correlation between tumor 
potency values directly obtained from mouse-test data and those predicted from ultra- 


“40 70 80 90 100 
OBSERVED TUMOR POTENCY 


Fig. 4.—Correlation between observed and predicted “tumor potency” values, according to the 
ultraviolet-absorption method. 


violet-absorption data, suitably corrected for viscosity and boiling point. The 
dotted lines shown in the figure define a zone of + 10 units in tumor potency, which 
is approximately the probable error of the mouse-test data.* The correlation is 
observed to be quite good within these limits. It would be expected to be even better 
if applied from day to day on a given type of product, rather than to the large and 
miscellaneous variety used in these correlation studies. 

Caffeine Extraction Method.—Figure 5 shows a preliminary correlation between 
tumor-potency values and the “caffeine numbers” of the samples. The latter are 
obtained by extracting a hydrocarbon solution of the sample with aqueous caffeine 


9. In this procedure, briefly described, the sample is distilled under reduced pressure. The 
per cent, by weight, of the 650-950 F. (at atmospheric pressure) fraction is determined, as is 
the ultraviolet extinction coefficient of a benzene solution of this fraction at 360 m#. The product 
of these quantities allows an uncorrected tumor-potency value to be read from a correlation 
chart. This valve is then corrected by certain empirical correction factors determined from 
charts based on the midboiling point of the original sample and its viscosity at 100 F. The 
predicted tumor-potency values shown in figure 4 are corrected values obtained in this manner. 
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solution, and optically measuring the latter, according to a method described else- 
where.*” More recent data have shown that for 110 samples covering a wide range 
of tumor potency “caffeine numbers” give predicted “tumor potency” values deviat- 
ing from the observed values by an average of + 11 potency units. Aside from 
the fairly good correlation thus obtained, the method is of interest for a certain 
biological analogy it offers. There is experimental evidence *° that the potency of 
an applied carcinogenic hydrocarbon depends, in some way or other, on the relative 
degrees to which it is soluble in body lipids and serum. This is somewhat reminiscent 
of the Meyer-Overton law of drug activity. In the method under discussion, one can 
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Fig. 5.—Correlation between “tumor potency” and “caffeine number,” according to the caffeine 
extraction method. 


CORRECTED PYRIDINE AREA 


Fig. 6—Correlation between “tumor potency” and “corrected pyridine area,” according to 
the chromatographic-refractrometric method. 


draw a crude analogy between body lipids and the hydrocarbon solvent contain- 
ing the carcinogens, on the one hand, and between body serum (which contains 
purine bases) and the aqueous caffeine solution, on the other hand. This is merely 
an analogy, and the correlation shown in Figure 5 is not intended to prove anything, 
pro or con, about the applicability of the Meyer-Overton law to carcinogenesis. 


Chromatographic-Refractometric Method.—The correlation shown in Figure 6 
is based on a method '” in which the sample is separated into many fractions by a 


10. Brock, N.; Druckrey, H., and Hamperl, H.: Zur Wirkungsweise cancerogener Sub- 
stanzen, Arch. exper. Path. u. Pharmakol. 189:709, 1938. Weil-Malherbe, H.: The Solubiliza- 
tion of Polycyclic Aromatic Hydrocarbons by Purines, Biochem. J. 40:351, 1946. 
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chromatographic technique. The refractive indices of the fractions are then inte- 
grated in such a way as to measure the amount and the complexity of condensed- 
ring aromatics present with more than three aromatic rings per molecule. This 
composite measure is referred to as the “corrected pyridine area” in the figure. 
The correlation appears to be promising, but further development of the method 
has been postponed in deference to the ultraviolet-absorption and caffeine extraction 
methods, which are somewhat simpler and therefore more likely applicable as 
refinery control methods. 

Maleic Anhydride Method.—The correlation shown in Figure 7 depends on a 
method *” which is essentially a measurement of the polynuclear components having 
anthracene nuclei. This is referred to in the figure as the “corrected per cent maleic 
anhydride adduct.” Again, the method is somewhat less simple than the ultraviolet- 
absorption and caffeine extraction methods, at least as originally developed, and 
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a Fig. 7—Correlation between “tumor potency” and “corrected per cent maleic anhydride 
3 adduct,” according to the maleic anhydride method. 
4 emulsification difficulties occasionally arise when it is applied to certain asphaltic 
q materials. However, certain modifications of the method have recently been found * 
4 which may enable one to circumvent these difficulties in the event that the method 
a should call for further development. With regard to Figure 7, the indicated cor- 
q relation should not be construed to suggest that the total carcinogenicity is caused 
4 


; by higher anthracene derivatives; at best, it merely indicates a parallelism between 
these and other hydrocarbon types of offending components. However, it is of 

’ interest to point out that when the mixed maleic anhydride adducts from a carcino- 
genic catalytically cracked oil were regenerated to yield the parent hydrocarbons, 

' the latter were found to be quite carcinogenic to mice. However, the residual oil 
after separation of the adducts was also quite active. This is further evidence that at 
least part, but only part, of the carcinogenic activity is due to hydrocarbons con- 
taining anthracene nuclei, since maleic anhydride does not react appreciably with 
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phenanthrene, chrysene, pyrene, or benzpyrene derivatives under the experimental 
conditions employed." 

The assay methods outlined in this section appear to be quite promising but have 
not yet been tested sufficiently extensively to permit a general recommendation of 
any of them for routine refinery use. Further work toward this end is currently 
in progress. Nevertheless, it was considered worth while to outline all these 
methods because, irrespective of which of them may prove suitable for petroleum 
products, the others may be found to be even more suitable for other kinds of carcino- 
genic products (such as shale-oil or coal-tar products), in which we have no par- 
ticular interest. 


PROCESSING OF CARCINOGENIC REFINERY PRODUCTS 


The final question originally posed raised the problem of what can be done to 
carcinogenic products to reduce or eliminate the potential hazard. 

One method that can be, and is being, used is to blend the active material with 
suitable inert products to a point of vanishing carcinogenicity. Some details of the 
experimental work underlying this method have been given in companion papers.** 

Chemical treating methods are sometimes applicable. For example, it has 
been found ™ that certain crude waxes (“slack waxes”) have some carcinogenic 
activity. This was shown to be due to the occlusion of minor amounts of the higher 
aromatics at intermediate stages of production. The drastic sulfuric acid treatment 
leading to the highly refined paraffin waxes, familiar in daily life, removes the 
aromatic contaminants to yield inert products. Other treating methods are under 
current investigation. 

It is also possible to destroy carcinogenic refinery streams or to utilize them in 
such a manner that they never appear in final products. These methods involve 
highly complex details of petroleum refining technology and cannot be discussed 
within the scope of this paper. 

SUMMARY 
A review is given of some experimental work, carried out in the Esso Labora- 
tories of the Standard Oil Development Company during the past several years, on 
pertinent physical and chemical properties of carcinogenic petroleum products, 
especially high-boiling catalytically cracked oils. The chemical nature of such pro- 
ducts is first discussed, with emphasis on the carcinogenic components. A brief 
outline is given of a scheme by which an isopropyl-1,2-benzanthracene and a methyl 
chrysene were isolated from such oils in a fair state of purity. Four relatively simple 
and rapid laboratory assay methods have been developed for predicting the tumor 
potencies of high-boiling refinery products. These methods are believed to hold 
considerable promise on the basis of correlation data which are presented, but the 
data are still too limited to permit an unreserved recommendation for refinery con- 
trol purposes. Brief mention is made of processing steps that can be employed to 
reduce or eliminate the potential hazards of high-boiling catalytically cracked oils. 


11. Jones, R. N.; Gogek, C. J., and Sharpe, R. W.: The Reaction of Maleic Anhydride with 
Polynuclear Aromatic Hydrocarbons, Canad. J. Res. 26:719, 1948. 
12. Holt, J. P.; Hendricks, N. V.; Eckardt, R. E.; Stanton, C. L., and Page, R. C.: A 
Cancer-Control Program for High-Boiling Catalytically Cracked Oils, Arch. Indust. Hyg., 
this issue, p. 325. Smith, Sunderland, and Sugiura.* 
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By extensive laboratory work, W. A. Dietz, B. F. Dudenbostel Jr.. W. H. King Jr., M. F. 
Maher, R. L. Mathiasen, and C. L. McGovney contributed in large measure to the chemical 
information, separation schemes, and assay methods presented in this paper. The mouse-test 
data used in this work were obtained and supplied by W. E. Smith and D. Sunderland, of the 
Post-Graduate Medical School of the New York University-Bellevue Medical Center, and by 
K. Sugiura, of the Sloan-Kettering Institute. Valuable support and discussion were given by 
C. L. Brown, R. M. Shepardson, and M. W. Swaney. 
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A CANCER-CONTROL PROGRAM FOR HIGH-BOILING 
CATALYTICALLY CRACKED OILS 


J. P. HOLT, M.D., Ph.D. 
N. V. HENDRICKS, B.E., Ch.E. 
R. E. ECKARDT, M.D., Ph.D. 


C. L. STANTON, B.S. 
AND 
R. C. PAGE, M.D. 
NEW YORK 


is THE year 1942 the first commercial unit for fluid catalytic cracking ' was put 

into operation in a company affiliated with the Standard Oil Company (N. J.). 

In this operation, certain petroleum fractions are heated in the presence of a 

catalyst, and large petroleum molecules are broken down into small molecules such 

as those found in gasoline, kerosene, home-heating oils, and diesel oils. There is 

a residual material which contains an appreciable concentration of high-boiling 

» polycyclic aromatic hydrocarbons. This material is known as high-boiling cata- 

lytically cracked oil, slurry oil, or, after removal of the catalyst, clarified oil. Since 

certain high-boiling polycyclic aromatic hydrocarbons are known to be carcinogenic,” 

é it was suspected that this residual material might constitute a potential cancer 
hazard. 

A review of the medical literature revealed that occupational cancer had been 

reported as resulting from contact with soot,*® coal tar,‘ shale oils,’ certain 


From the Research Section, Medical Department, Standard Oil Company (N. J.). 
1. Murphree, E. V.; Brown, C. L.; Fischer, H. G. M.; Gohr, E. J., and Sweeney, W. J.: 
Fluid Catalyst Process: Catalytic Cracking of Petroleum, Indust. & Engin. Chem. 35:768-773 
(July) 1943. 

2. Hartwell, J. L.: Survey of Compounds Which Have Been Tested for Carcinogenic 
Activity, Federal Security Agency, National Cancer Institute, National Institute of Health, 
United States Public Health Service, 1941. 

3. Pott, P.: Chirurgical Observations Relative to the Cataract, the Polypus of the Nose, 
the Cancer of the Scrotum, the Different Kinds of Ruptures, and the Mortification of the Toes 
and Feet, London, L. Hawes, 1775. 

4. Volkmann, R.: Beitrag zur Chirurgie, Leipzig, Breitkopf und Hartel, 1875. 

5. Bell, J.: Paraffin Epithelioma of the Scrotum, Edinburgh M. J. 22:135-137 (Aug.) 1876. 
Scott, A.: The Occupation Dermatoses of the Paraffin Workers of the Scottish Shale Oil 
Industry, with a Description of the System Adopted and the Results Obtained at the Periodic 
Examinations of These Workmen, Eighth Scientific Report of the Investigation of the Imperial 
Cancer Research Fund, Vol. 8, London, Taylor & Francis, Ltd., 1923, pp. 85-138. 
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petroleum oils,° and these and other related materials.’ This literature has been 
reviewed in detail by Hueper.*© The number of cases of occupational cancer 
caused by petroleum oils is relatively small as compared with the number of cases 
resulting from contact with the other materials mentioned above. Reports in the 
literature of experimental studies on lower animals also showed that these materials 
possessed carcinogenic properties.* Since catalytic cracking of petroleum was a 
new operation, no information was available relative to the carcinogenicity of 
products obtained from this process. However, additional support for the sus- 
picion that high-boiling catalytically cracked oils might constitute a potential cancer 
hazard was based on the fact that coal tar, which had caused occupational cancer in 
man, was known to contain the carcinogenic hydrocarbons 3,4-benzpyrene and 
1,2-benzanthracene,® and it was suspected that high-boiling catalytically cracked 
oils contained these compounds or compounds closely related chemically. Subse- 
quent observations have confirmed this suspicion.’ Thus, since coal tar had caused 
cancer in man, it appeared reasonable to conclude that high-boiling catalytically 
cracked oil containing similar compounds might also cause cancer in man, provided 
‘he had sufficient exposure to the oil. 
In 1942 samples of high-boiling catalytically cracked oils were first studied at 
the Barnard Free Skin and Cancer Hospital, St. Louis, and found to be carcinogenic 
me when applied to the skin of mice." At the request of Dr. M. W. S. Schram, 
director of the International Cancer Research Foundation, these studies were 


6. Davis, B. F.: Paraffin Cancer: Coal and Petroleum Products as Causes of Chronic 
Irritation and Cancer, J. A. M. A. 12:1716-1720 (May 30) 1914. Kennaway, E, L.: The 
Anatomical Distribution of the Occupational Cancers, J. Indust. Hyg. 7:69-93 (Feb.) 1925. 
Twort, C. C., and Twort, J. M.: The Carcinogenic Potency of Mineral Oils, ibid. 13:204-226 . 
(June) 1931. Schwartz, L.: Dermatitis in the Oil Refining Industry, Am. J. Pub. Health 
24:948-950 (Sept.) 1934. 

7. (a) Heller, I.: Occupational Cancers, J. Indust. Hyg. 12:169-197 (May) 1930. Henry, 
S. A.: Cancer of the Scrotum in Relation to Occupation, London, Oxford University Press, 
1946. (b) Schwartz, L.; Tulipan, L., and Peck, S. M.: Occupational Diseases of the Skin, 
Philadelphia, Lea & Febiger, 1947. (c) Hueper, W. C.: Occupational Tumors and Allied Dis- 
eases, Springfield, Ill., Charles C Thomas, Publisher, 1942. 

8. Passey, R. D.: Experimental Soot Cancer, Brit. M. J. 2:1112-1113 (Dec. 9) 1922. 
Leitch, A.: Note on Chimney-Sweeps’ Cancer, ibid. 2:943-944 (Nov. 22) 1924. Yama- 
giwa, K., and Ichikawa, K.: Experimentelle Studie iiber die Pathogenese der Epithelial- 
geschwiilste, Mitt. med. Fakult. Univ. Tokyo 15:295-344 (March) 1916. Tsutsui, H.: Uber das 
kiinstlich erzeugte Cancroid bei der Maus, Gann 12:17-21 (July) 1918. Leitch, A.: Paraffin 
Cancer and Its Experimental Production, Brit. M. J. 2:1104-1106 (Dec. 9) 1922. Leitch, A.: 
Mule-Spinners’ Cancer and Mineral Oils, ibid. 2:941-943 (Nov. 22) 1924. Twort, C. C., 
and Ing, H. R.: Mule-Spinners’ Cancer and Mineral Oils, Lancet 1:752-754 (April 14) 1928. 
Twort, C. C., and Twort, J. M.: Observations on the Reaction of the Skin to Oils and Tars, 
J. Hyg. 28:219-227 (Dec.) 1928; Induction of Cancer by Cracked Mineral Oils, Lancet 2:1226- 
1228 (Nov. 30) 1935; The Relative Potency of Carcinogenic Tars and Oils, J. Hyg. 29:373-379 
(Feb.) 1930; Classification of 4,000 Experimental Oil and Tar Skin Tumours of Mice, Lancet 
1:1331-1335 (June 21) 1930. 

a. 9. Cook, J. W.; Hewett, C. L., and Hieger, I.: The Isolation of a Cancer-Producing 
Hydrocarbon from Coal Tar, J. Chem. Soc. 1:395-405 (April) 1933. 


10. Esso Laboratories, Standard Oil Development Company: Unpublished data. 


11. Proceedings of the First National Cancer Conference, the American Cancer Society, and 
the National Cancer Institute of the United States Public Health Service, Federal Security 
Agency, 1949, p. 245. 
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repeated and similar resuits were obtained by Woglom in 1945."* Because of these 
findings it was felt desirable to have extensive experimental studies carried out on 
these oils in order to obtain detailed information relative to their carcinogenic prop- 
erties. In 1945 arrangements were made with Dr. C. P. Rhoads of Memorial 
Hospital for the Treatment of Cancer and Allied Diseases, New York, to carry out 
experimental studies with these oils on several species of lower animals.'* The results 
of these studies have been reported (Sugiura, Smith, and Sunderland **; Smith, 
Sunderland, and Sugiura **; Smith and Sunderland **; Holt ** ; Smith, Sunderland, 
and Sugiura ‘*). The studies showed that these high-boiling catalytically cracked 
oils and fractions of these oils boiling above 700 F. were highly carcinogenic to 
lower animals (mice, rabbits, monkeys). The available evidence to date indicates 
that fractions which boil below 700 F. are noncarcinogenic. Thus gasoline, kero- 
sene, home-heating oils, and diesel fuels appear to be innocuous, while the higher- 


boiling fractions, which are principally used in industrial fuels, are carcinogenic to 
lower animals. 


Type and Number of Personnel Exposed to Contact with High-Boiling Catalytically Cracked 
Oils in Several Petroleum Refineries Before the Control Program 
Was Put into Effect 


Type of Personnel Frequency 
Oracking unlt 231 Frequent 
Tank-cleaning personnel ................6.06000eee 401 Frequent 
Sample collectors ......... 44 Daily 
Laboratory personnel .. 211 Daily 
Maintenance mechanics 657 Every few days 


In 1947, when the results of the above experimental studies confirmed the 
previous evidence that certain high-boiling catalytically cracked oils caused the 
development of skin cancer in lower animals, it was concluded that a potential 
cancer hazard existed where man came in contact with these oils. In order to 
ascertain the extent and degree of contact of employees with these oils in com- 


12. Woglom, W. H.: Unpublished data. 
13. In 1949 these studies were transferred from Memorial Hospital to New York University 
Post-Graduate Medical School. 

14. Sugiura, K.; Smith, W. E., and Sunderland, D. A.: Carcinogenic Action of Certain 
Catalytically Cracked Oils with High-Boiling Points, Cancer Res. 9:631 (Oct.) 1949. 


15. Smith, W. E.; Sunderland, D. A., and Sugiura, K.: Experimental Analysis of the 
Carcinogenic Activity of Certain Petroleum Products, read before the American Industrial 
Hygiene Association, Eleventh Annual Meeting, Chicago, April 27, 1950, and at the Fifth Inter- 
national Cancer Congress, Paris, July 20, 1950. 


16. Smith, W. E., and Sunderland, D. A.: Experimental Studies with Carcinogenic Materials 


from the Petroleum Industry, read before the A. A. A. S. Gordon Research Conference, New 
London, N. H., August 31, 1950. 


17. Holt, J. P.: Occupational Cancer with Special Reference to Certain Petroleum Oils, 
read before the Cancer Research Symposium of the Detroit Institute of Cancer Research, Detroit, 
September 14, 1949. 


18. Smith, W. E.; Sunderland, D. A., and Sugiura, K.: Experimental Analysis of the 
Carcinogenic Activity of Certain Petroleum Products, Arch. Indust. Hyg., this issue, p. 299. 
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panies affiliated with this company, an industrial-hygiene survey was carried out 
in the six refineries where this process was in operation. This study, which was 
carried out by one of us (N.V.H.), indicated that slightly over 4,000 employees 
were engaged in work in which they might have skin contact with these oils or 
blends of these oils daily, every few days, or occasionally. It was learned that 
relatively few workers were exposed to the oil in the operation of the fluid catalytic 
cracking unit, but that after the oil left the cracking unit numerous employees 
were apt to come in contact with it in varying degrees. In the table the types, the 
number, and the frequency of potential exposures which existed before. the institu- 
tion of the control measures are listed. Dock workers, mechanics, pipe fitters, tank 
cleaners, and car loaders were found to have very extensive body contact with the 
oil because of extremely dirty work clothes and poor personal hygiene. Other 
groups, such as cracking-coil operators, sample collectors, laboratory workers, and 
pilot-plant operators, were found to have cleaner clothes, better personal hygiene, 
and much less extensive contact with the material. 

Since the survey indicated that a large number of employees were exposed to 
possible contact with these high-boiling catalytically cracked oils, it was decided 
that the following action should be taken: 

1. Continue and expand the experimental biological studies in order to obtain 
additional information relative to the carcinogenic properties of these and 
related oils. 

. Initiate physical and chemical studies in an attempt to eliminate or diminish 
the carcinogenic activity of these oils and to identify the carcinogenic chemi- 
cal compounds present in these oils. 

. Place employees exposed to these oils under close medical supervision. 

. Institute industrial hygiene measures necessary to eliminate or diminish con- 
tact of these oils with employees. 

Additional experimental biological data indicated under 1, above, which have been 
obtained to date have been reported,’® and the studies are being continued. The 
physical and chemical studies indicated under 2 are being carried out by the 
Standard Oil Development Company, the central research organization affiliated 
with this company, and by certain other affiliated companies. With regard to 3 
and 4, the 20 recommendations given below were made and soon put into effect 
in the seven*® refineries affiliated with the Standard Oil Company (N. J.) 
where fluid catalytic cracking units exist. The manner in which a particular 
recommendation has been put into effect varies from one refinery to another, 
depending on local refinery conditions. Therefore we have attempted to sum- 
marize in a general way the manner in which each recommendation is carried out 
in these seven refineries. 
RECOM MENDATIONS 


1. Restrict. Number of Employees Exposed—This can be accomplished by 
assigning selected groups of workers to jobs involving contact with these oils. 


19. Sugiura, Smith, and Sunderland.14 Smith, Sunderland, and Sugiura (footnotes 15 and 
18). Smith and Sunderland.'* Holt.17 


20. Subsequent to the survey of six refineries employing fluid catalytic cracking units, a 
seventh refinery installed such a unit. 
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Action: This procedure has been put into effect wherever possible and has 
substantially reduced the number of employees exposed to these oils. It has been 
particularly effective in reducing the number of mechanical and maintenance per- 
sonnel, which in the past accounted for the greater percentage of the total exposed 
group. 


2. Make Medical Examinations Every Three to Six Months—Exposed men 
should be examined every three months.*t The examination should consist of a 
complete physical examination with special attention to the presence of warts, 
papillomas, tumors, cancers, dermatitis, or other abnormalities of the skin. 

Action: Records are kept of all employees who work with these oils. To 
employees believed to have had significant exposure a detailed skin examination 
is given every 3 months in one refinery; every 6 months in one refinery; every 
12 months in two refineries, and every 3, 6, or 12 months, depending on the 
amount of exposure, in three refineries. The employees are nude when examined. 
A brief interval occupational history is taken, and all skin lesions are recorded on 
a body-outline form. The nature of the lesion (pigmented, nonpigmented, wart, 
mole, keratosis, hemangioma, fibroma, etc.), its location, duration, size, and 
whether or not the lesion has increased in size since the last examination are 
recorded. In addition, once a year in six refineries, and once every two or three * 
years in the seventh refinery, a detailed history is taken from and a complete 
physical examination is given to these employees. 


3. Select the Employees.—The selection of employees who work with these oils 
should be made by the Medical Department in order to eliminate individuals who 
have an excessive number of warts, precancerous lesions, keratoses, or other skin 
diseases.** It is preferable to select swarthy or dark-skinned men with cleanly 
habits. 

Action: Since it has been stated in the literature that very light-complexioned 
individuals are prone to the development of cutaneous cancer caused by solar 
radiations,** an attempt is made to avoid placing such individuals in jobs which may 
offer contact with these high-boiling catalytically cracked oils. Those prone to chronic 
skin ailments such as dermatitis are also excluded from this work. As a result it has 
been found necessary to eliminate approximately one from every 20 individuals 
examined. 


Although a detailed skin examination is given to all employees who may have 
contact with these oils, only about one-half of these employees have had such an 
examination before being assigned to such work. This is due to the fact that men 
in certain jobs, especially maintenance men who have not worked with these oils 
and have not had a detailed skin examination, are suddenly sent into an area where 
they may be exposed to contact with these oils. These employees are examined 
three to six months later, however, inasmuch as their work records now show that 
they may have had contact with these oils. 


4. Remove Employee from Exposure if Lesion Develops.—lf an employee after 
working with these oils presents warts or precancerous lesions on the surface of 


21. Hueper,*¢ p. 182, Henry,7# p. 96. 
22. Hueper,’¢ p. 182, Schwartz, Tulipan, and Peck,» p. 667. 
23. Hueper,7¢ p. 225. 
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the body, he should be permanently removed from any employment in which he 
might again be exposed to these oils.** 


Action: In all refineries, complete managerial agreement has been obtained for 
removing employees from jobs in which they are exposed to these oils and have 
acquired lesions suggesting a cancerous tendency, and there have been cases in 
most refineries where individuals have been removed from such jobs. If for 
special reasons the employee is left on the job, the refinery physician discusses 
the situation individually with him and urges him to observe extreme precaution in 
preventing the oil from coming in contact with his skin and to consult the Medical 
Department about any skin lesions he may note. In this way, a more careful check 
is kept on this special group of workers. 


Although numerous cases of hyperkeratoses or cancer in situ have been found, 
no case of skin cancer has been found which could be definitely attributed to these 
oils. When the control program was put into effect, some employees had worked 
with these oils from one to three years, and the lesions which have been found may 
have been present prior to the time of contact with these oils. The medical records 
kept on these individuals prior to the inauguration of this program were not in 
great enough detail to permit clarification of this point. 


5. Treat Lesions Promptly—Any employee working with these oils who has a 
wart, a cancerous, or a precancerous lesion developing on the surface of the body 
should be given prompt treatment. (Surgical excision with microscopic examination 


of the tissue is probably the best procedure.) This should be carried out at company 
expense. 


Action: Employees on whom a suspicious lesion has been found have been 
referred to competent consultants for diagnosis of the lesion. Microscopic diagnosis 
of all lesions removed is felt to be desirable, and, since most lesions can be removed 


in toto at the time of biopsy, it has been found that this procedure is therapeutic 
as well as diagnostic. 


6. Wear Protective Clothing —Employees working with these oils should wear 
whatever protective clothing is necessary to prevent skin contact with these oils. 
The type of clothing would be dependent on the nature of the individual job at hand. 

Action: Protective clothing is provided and required on most jobs where there 
is possible contact with these oils. Such clothing includes aprons, boots, gloves, 
suits, and other articles ; in some refineries it is colored orange to conform with the 
general system of identification used for high-boiling catalytically cracked oils. The 
process supervisors are authorized to stop maintenance or repair services when they 


note an employee exposed to these oils who is not wearing proper or adequate 
protective clothing. 


7. Do Not Touch Scrotum or Face with Oil-Soaked Hands.—Since a high per- 
centage of occupational cancers caused by coal tar, shale oil, and unrefined waxes 
are located on either the face or the scrotum,”° it is felt that contact of the oil with 
these parts of the body should be avoided. 


24. Hueper,’¢ p. 847. 
25. Heller,7@ p. 190. Hueper, 7¢ pp. 97 and 99. Schwartz, Tulipan, and Peck,” p. 664. 
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Action: In all refineries the employees are given instructions regarding this 
recommendation as part of an educational hygiene program. 


8. Remove Oil from the Skin Immediately—Employees who work with these 
oils should be instructed to remove oil from the skin immediately by thorough 
washing with soap and water. 

Action: This instruction is being carried out in all refineries as part of the 
educational hygiene program. In certain refineries it has been found necessary to 
provide additional washing facilities. 


9. Take a Shower Bath Daily Before Leaving the Plant.—All employees who 
work with these oils in such a manner that there is a reasonable possibility that they 
will have skin contact with the oil should be required to take a shower bath daily 
before leaving the plant. Obviously, in certain cases where the possibility of skin 
contact is very remote—for example, in the case of certain laboratory workers—the 
requirement of a daily shower bath would not appear necessary. 

Action: Although in most of the refineries employees are not required to take 
a shower bath daily before leaving the plant, they are encouraged to do so. In some 
refineries, however, it is required for certain groups of workers who may have had 
extensive contact with these oils. 


10. Put on Clean Work Clothes Daily—Employees who work with these oils 
should wear clean work clothes daily. li underwear is worn, this should be clean. 

Action: Several of the refineries furnish clean work clothes daily to tank 
cleaners and other employees who are apt to have excessive contact with these oils. 
Other groups having only potential exposure are encouraged, but not required, to 
wear clean work clothes each day. The matter of clean work clothes, as well as that 
of personal cleanliness, is stressed in the educational hygiene program of each 
refinery. 


11. Provide Special Facilities for Cleaning W ork Clothes.—Because of the poten- 
tial hazard associated with these oils, it is felt that it would be undesirable to have an 
ordinary commercial laundry or dry-cleaning establishment clean the clothes. There- 
fore, in order to ensure clean work clothes, special cleaning facilities should be 
established. It is felt at the present time that the most satisfactory method of clean- 
ing the clothes would consist of dry cleaning them and then washing with soap and 
water. The cleaning of the clothes should be carried out under supervised conditions 
in order to prevent contamination of the cleaning agent. 

Action: Where the above recommendation is followed, both dry-cleaning and 
laundry facilities are available, and any exposed worker may have his own clothes 
cleaned at no expense to himself. At some refineries, for special reasons, the work 
clothes issued by the refineries are being sent to outside laundries to be cleaned. 


12. Reduce Points of Exposure in Plant to a Minimum.—In any plant where 
these oils are handled, the necessary changes should be made in order to reduce to a 
minimum the places where employees are exposed to physical contact with these 
oils. This could be done by restricting tanks and lines having contact with these oils. 

Action: In all refineries the flow and the distribution of high-boiling catalyti- 
cally cracked oils are restricted. The number of lines, tanks, and other equipment 
involved in the handling of these oils has been substantially reduced, and this has 
lowered the number of points of potential exposure. 
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13. Identify Equipment Containing These Oils ——All equipment containing these 
oils should be identified with the statements that the oil is hazardous, skin contact 
should be prevented, and in cases of skin contact the oil should be immediately 
removed by washing with soap and water. 

Action: In the various refineries all lines, tanks, and other pieces of equipment 
handling these oils are painted orange for identification. Oil samples going to the 
laboratories, valves, and pieces of equipment going to repair shops are identified 
with orange warning tags. This orange color indicates that the particular piece of 
equipment has been or is used for these high-boiling oils and must be handled in 
accordance with the necessary precautionary measures. In addition, metal signs 
are located in areas where contact with these high-boiling oils may occur. These 
identify the area and warn that the necessary precautionary measures must be 
observed when working there. 


14. Inform Employees of Potential Hazard. 


Action: At each refinery employees who may have contact with these oils have 
been informed of the carcinogenic properties of the oils demonstrated in lower 
animals. Special booklets have been prepared which include a brief summary of the 
results of the experimental studies and a detailed outline of the precautionary 
measures. In most of the refineries a copy of this booklet is given to each employee 
assigned to a job where there is possible contact with these oils. 

A side-effect of this control measure has been beneficial in that it has made 
employees conscious of skin cancer. Whether or not they have had contact with 
these oils, they now come voluntarily to the Medical Department with any skin 
lesion that occurs and request advice as to the nature and treatment of the lesion. 


15. Supervise Precautionary Measures in Each Plant.—In addition to precaution- 
ary measures already established, arrangements should be made for a representative 
of the Medical Department to keep in touch with the precautionary measures in 
operation. This can be accomplished by making a survey of these precautionary 
measures every week or every few weeks. A health problem such as this can be 
properly handled only by ensuring adequate medical supervision. 

Action: The Medical Department of each company actively participates in the 
over-all coordination of the various aspects of the control program. Responsibility 
for the enforcement of the precautionary measures varies. At certain refineries the 
assistant superintendent is responsible, and at two refineries a health and sanitation 
committee is responsible. Minor responsibilities are assigned to various individuals ; 
for example, the process workers, as mentioned above, have certain responsibilities 
to see that the necessary protective clothing is worn. 


16. Make a Periodic Survey of Plants Handling These Oils—aA periodic survey 
of this problem should be made in each plant where this problem exists by repre- 
sentatives of the Medical Department of Standard Oil Company (N. J.) at 
approximately six-month intervals. 

Action: Periodic visits have been made to each refinery by representatives of 
the Medical Department of the Standard Oil Company (N. J.). During such 
visits the clinical and environmental phases of the control program are reviewed. 

17. Eliminate Possibility of Inhalation of These Oils—In all plants where these 


oils are handled, precautionary measures should be taken to eliminate the possibility 
of inhalation of droplets or vapors of these oils. 
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Action: During certain operations these high-boiling oils are maintained at 
elevated temperatures. When the oils are exposed to the atmosphere at these tem- 
peratures, a certain amount of volatilization takes place which results in the forma- 
tion of oil mist and smoke. In certain refineries, in order to preclude the possibility 
of inhaling these vapors where oil samples are collected, special hoods have been 
installed. Exposure due to pump leaks has been decreased by means of good mainte- 
nance. However, in a number of other locations oil mists are formed which may 
constitute a hazard. It is planned to study this problem further in order to evaluate 
properly the degree and frequency of exposure and to bring the potential hazard 
under control. 


18. Provide the Medical Personnel and Equipment Necessary to Carry Out 
These Recommendations. 


Action: In several refineries it has been necessary to add one physician to the 
staff of the Medical Department in order to carry out the program satisfactorily. 
Maintaining records of employees exposed to these oils has been found to be a 
rather cumbersome task, and it has been found helpful to employ a special clerk for 
this purpose. 


19. Investigate Blends of These Oils—Studies are under way to determine 
whether or not blends of these oils are less carcinogenic than the unblended oil. To 
date the data are inadequate to give a final answer concerning this. It is suggested 
that blends of these oils should contain no more than 25% of heavy catalytic cycle 
gas oil, slurry oil, or clarified oil. 

Action: It was originally suggested that blends of these oils contain no more 
than 25% of high-boiling catalytically cracked oil, slurry oil, or clarified oil. This 
limit was based on the disclosure of biological experiments with blends of a catalyti- 
cally cracked oil containing 40% of 700 F. +- fractions and a biologically inactive 
oil base stock. When it was subsequently recognized that the active components 
occurred predominantly in the 700 F. + fractions, it was recommended that blends 
of these oils containing more than 10% of catalytically cracked oil boiling above 
700 F. be considered carcinogenic. It was recommended that such blends should 
not be sold to the ultimate consumer, who notoriously disregards recommended 
precautionary measures, and should be sold only to concerns intending to process 
the material further, inasmuch as they could, therefore, institute precautionary 
measures similar to the ones outlined here. Management has approved these recom- 
mendations. A set of precautionary measures is given to each customer who pur- 
chases blends which are considered potentially carcinogenic, and every assistance 
is offered to these customers in helping them establish precautionary measures 
within their own plants. 


This recommendation is not to be considered final at this time but may be sub- 
ject to revision depending on further work to elucidate the question of safe-dilution 
levels and other factors, such as the influence of washing or protective creams. 


20. Make Reports.—lIt is requested that complete reports covering the industrial- 
hygiene engineering and clinical phases of the program be submitted to the Medical 
Department every six months. 

Action: Reports which cover the status of the precautionary measures being 
carried out have been submitted periodically by each refinery. 
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SUMMARY 


Certain petroleum oils which are obtained from the fluid catalytic cracking 
process and contain material boiling above 700 F. in substantial concentrations have 
been shown to be highly carcinogenic to mice, rabbits, and monkeys. Employees 
exposed to contact with these oils are believed to be exposed to an occupational 
cancer hazard. Therefore, a precautionary program has been instituted in seven 
refineries where such catalytic cracking units are in operation. The purposes of the 
program are twofold: first, to prevent contact of these oils with employees ; second, 
to provide the medical supervision necessary to insure early diagnosis and treatment 
of any skin lesions which may develop in employees who have been exposed to 
these oils. 


The experimental studies and control program have been made possible through the support 
and cooperation of the Managements and the Medical Departments of the Standard Oil Com- 
pany (N. J.) and certain of its affiliate companies; namely, Standard Oil Development Com- 
pany, Esso Standard Oil Company, Lago Oil and Transport Company, Ltd., Humble Oil and 
Refining Company, and Imperial Oil Company, Ltd. Especial mention should be made of Mr. 
H. G. M. Fischer and his associates in the Standard Oil Development Company, who advised 
us relative to the petroleum technological aspects of this problem; of Dr. W. E. Smith of the 
Post-Graduate Medical School of the New York University-Bellevue Medical Center, and 
Dr. C. P. Rhoads, Dr. K. Sugiura, and Dr. D. A. Sunderland of Memorial Hospital, New York, 
who gave cooperation and advice relative to the experimental biological studies carried out 
on these oils. 
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PROPERTIES OF HIGH-BOILING PETROLEUM PRODUCTS 
Quantitative Analysis of Tumor-Response Data Obtained from the Application 
of Refinery Products to the Skin of Mice 
F. H. BLANDING, M.S. 
W. H. KING Jr., B.S. 


WILLIAM PRIESTLEY Jr., M.S. 
AND 


JOHN REHNER Jr., Ph.D. 
LINDEN, N. J. 


URING the past seven years the medical department of the Standard Oil 

Company (New Jersey) and the Standard Oil Development Company have 
carried out a comprehensive investigational program aimed at the following prin- 
cipal objectives: (1) to find potentially carcinogenic refinery streams and products, 
(2) to develop suitable industrial hygiene measures, (3) to develop rapid physical 
or chemical assay methods for routine application in refinery control, and (4) to 
develop methods for reducing or eliminating the biological activity of potentially 
hazardous products. In connection with this work, the above-mentioned companies 
have also supported an extensive animal-testing program at the Sloan-Kettering 
Institute and the Post-Graduate Medical School of the New York University- 
Bellevue Medical Center. Dr. William E. Smith and his associates, of the latter 
institution, obtained the mouse-test data on which the following analysis is based. 
Other aspects of the broader program are to be published separately.’ 

The primary purpose of this paper is to present a fairly simple method for 
expressing the carcinogenic potency of an applied material as a single number, and 
to establish the reliability of this number under given conditions of animal testing. 
The latter conditions will be treated more fully elsewhere,” but it will be men- 
tioned that our method of analyzing the data has been applied quite successfully to 
several hundred sets of mouse-test data obtained for a large variety of high-boiling 
refinery products. including thermally and catalytically cracked oils, tars, crude 
waxes, and residua, and for many blends and concentrates of some of these. 
Depending on the particular samples and the conditions of their manufacture, the 


From the Esso Laboratories, Standard Oil Development Company. 
1. (a) Holt, J. P.; Hendricks, N. V.; Eckardt, R. E.; Stanton, C. L., and Page, R. C.: 
A Cancer-Control Program for High Boiling Catalytically Cracked Oils, Arch. Indust. Hyg., 
this issue, p. 325. (b) Smith, W. E.; Sunderland, D., and Sugiura, K.: Experimental Analysis 
of Carcinogenic Activity of Certain Petroleum Products, ibid., this issue, p. 299. (c) Priestley, 
W., Jr.; Eby, L. T.; Wanless, G. G., and Rehner, J., Jr.: Properties of High Boiling Petroleum 
Products: Physical and Chemical Properties as Related to Carcinogenic Activity, ibid., this 
issue, p. 315. 
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carcinogenic potencies ranged from complete inertness up to values sometimes 
comparable to those observed with solutions of some of the more active pure 
carcinogenic hydrocarbons (such as methylcholanthrene), as judged from the 
mouse-test results. Some pertinent physical and chemical properties of the above 
kinds of products have recently been published? as background material for the 
rapid nonbiological assay methods now under active development.'« 


In order to develop rapid assay methods (and also to characterize the potency 
of a given type of refinery product in terms of controllable manufacturing variables ) 
it is first necessary to correlate appropriate laboratory measurements of certain 
physical or chemical properties (or, respectively, manufacturing variables) with 
corresponding animal-test data, the latter serving as the primary reference 
standards. However, such correlations become difficult or impractical, and suffer 
in quantitative significance, unless the biological potency of a given sample can be 
suitably expressed as a single value that is derivable from the animal-test data. 
Also, economic as well as hygienic considerations demand that the correlations be 
established on a firm quantitative basis and that the limits of experimental error 


Tas_e 1.—Example of Recorded Mouse-Test Data (Thirty Mice) 


Sample 108 


Inspection time, days............ 76 108 145 186 228 252 278 316 351 
0 3 6 4 6 5 
Nontumor deaths.................. 1 0 1 1 2 0 1 0 0 
Papilloma deaths.................+ 0 0 1 0 0 0 1 3 2 
Carcinoma deaths................. 0 0 1 2 4 0 2 3 3 
Total survi¥Ors, 7 27 24 21 16 15 ll 5 0 
Nontumor survivors.............. 26 24 ll 7 4 1 0 0 0 = 
Papilloma survivors.............. 1 3 10 10 10 8 7 4 0 
Carcinoma survivors.............. 0 0 3 4 1 6 4 1 0 


of a potency value be known, regardless of whether the latter is based directly on 
the animal-test data or on the prediction of a nonbiological assay obtained through 
primary correlation. 

In the mouse tests already referred to,’ a set of 30 experimental mice (male, 
Rockland stock) is employed. These are painted on the backs three times 
weekly with the sample under standard conditions and are examined approximately 
monthly for tumor and cancer incidence, the time of observation being recorded. 
Mortality data for both tumor-bearing and tumor-free mice are also recorded. 
Table 1 contains a sample of data obtained for a fairly potent material. When such 
data are converted to a percentage basis and plotted, curves are obtained as shown 
in Chart 1. It is seen that with a carcinogenic sample the tumor response is char- 
acterized by an induction period, the length of which depends on the particular 
sample. This is then followed by a course of active tumor development which is 
roughly sigmoidal in shape. Eventually some of the benign tumors change into q 
cancers. Although these rough features of tumor response are fairly typical of the j 


2. Eby, L. T.; Wanless, G. G., and Rehner, J., Jr.: Properties of High Boiling Petroleum 
Products: Distillation Studies, with Relation to Polynuclear Aromatic Components, Indust. & 
Engin. Chem. 43:954, 1951. Wanless, G. G.; Eby, L. T., and Rehner, J., Jr.: Properties of 
High Boiling Petroleum Products: Physical and Chemical Characterization Studies, with 
Relation to Polynuclear Aromatic Components, Analyt. Chem. 23:563, 1951. 
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biologically active refinery products examined to date, many differences of detail 
have become evident in the examination of several hundred sets of such data. For 
example, aside from the many samples that were found to be completely inert, 
some materials induce benign tumors quite readily but elicit no cancers within the 
life span of the mice. Furthermore, some materials are accompanied by a fairly 
normal nontumor mortality curve, as in Chart 1, while others are quite toxic to the 
animals and produce high mortality rates which rapidly deplete the size of the 
colony during the course of testing. Much of the irregularity of the tumor response 
curves as typified in Chart 1 can doubtless be ascribed to the small number of 
animals employed in the test. Nevertheless, the other differences in detail mentioned 
above must also be taken into account if any significant quantitative index ot 
biological potency is to be deduced from the test data. Also, referring again to 
Chart 1, the experienced use of such graphs does enable one to assign rough values 
of relative potency to different materials, for example by area measurements or by 
intercept values at a given time of experiment ; but the precision and the significance 


> 
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_ Chart 1—Tumor- and cancer-response curves for a refinery product applied to the skin of 
mice (from data of Table 1). 


of such values are doubtful, and, also, the preparation and the use of the graphs 
for this purpose are cumbersome. These are further reasons for developing the 
method to be described in this paper. 

Previous workers have also considered this problem of how best to give quanti- 
tative expression to carcinogenic-response data from animal tests carried out 
with various agents by either cutaneous or subcutaneous application.’ The refer- 
ences cited are sufficient to indicate that earlier methods of handling the data cover 
a wide gamut, ranging from an arbitrary division of potency into a number of 


3. (a) Twort, C. C., and Twort, J. M.: Suggested Methods for the Standardization of the 
Carcinogenic Activity of Different Agents for the Skin of Mice, Am. J. Cancer 17:293, 1933. 
(b) Iball, J.: The Relative Potency of Carcinogenic Compounds, ibid. 35:188, 1939. (c) Murray, 
W. S., and Hoffman, J. G.: Physiological Age as a Basis for the Comparison of Strains of 
Mice Subject to Spontaneous Mammary Carcinoma, Cancer Res. 1:298, 1941. (d) Bryan, W. R., 
and Shimkin, M. B.: Quantitative Analysis of Dose-Response Data Obtained with Carcinogenic 
Hydrocarbons, J. Nat. Cancer Inst. 1:807, 1941. (e) Berenblum, I.: A. System of Grading 
Carcinogenic Potency, Cancer Res. 5:561, 1945. (f) Lea, D. E.: The Biological Assay of 
Carcinogens, ibid. 5:633, 1945. (g) Irwin, J. O., and Goodman, N.: The Statistical Treatment 
of the Carcinogenic Properties of Tars and Mineral Oils, J. Hyg. 44:362, 1946. (h) Spicer, 
C. C.: The Estimation of Tumour Susceptibility in Pure Lines, Brit. J. Cancer 1:298, 1947. 
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“grades”—which is considered too qualitative for our purpose—all the way to 
rather elaborate statistical treatments, which are complex and more time-consuming 
than might be desired or needed. One could also raise the question whether some 
of the complex mathematical-statistical treatments can be justified in the light of 
the necessary assumptions. For example, it is commonly assumed, for simplicity, 
that animals without tumors at the end of the experiment would have got 
tumors if the observations could have been continued for a longer time. Another 
assumption frequently made is that animals dying without tumors during the 
course of the experiment would have got tumors in the same proportion as the 
survivors if the former had survived. It would obviously be difficult or impossible 
to establish the validity of such assumptions, and yet their importance might, at 
least in some instances, supersede that of the refinements introduced by elaborate 
treatments of the data. Very broadly regarded, the simplest treatments referred 
to do not appear to derive their full share of the information inherent in the data, 
while the complex treatments may derive more than they are entitled to. Aside 
from such matters of opinion, however, it is evident that experiments with a 
relatively small colony of mice impose severe restrictions with respect to the probable 
error of the resulting potency values; nevertheless, it is possible to establish the 
magnitude of the error in such cases, and there are well-known methods by 
“, which the error can be reduced if this is desirable or necessary. 

The method to be discussed below is, in a sense, a compromise between the 
above extremes. While it also implicitly contains some of the assumptions 
already subjected to question, it nevertheless takes nontumor mortality into account, 
it yields single potency values of known precision and dimensions, and it is easily 
applied, without complex calculations and formulas, to typical mouse-test data, 

such as are given in Table 1. 


METHOD OF COMPUTING THE ANIMAL-TEST RESULTS 


For each of the several hundred samples investigated to date, the kind of information 
typified by Table 1 was made available for analysis. The data include (a) the original number 
of mice (usually 30), (b) the time of observation expressed in days from the commencement of 
skin painting, (c) the number of deaths in each interval of observation, (d) the number of 
tumor-free animals that died in each interval, (¢) the number of tumor (papilloma)-bearing 
animals that died in each interval, (f) the number of cancer (carcinoma) -bearing animals that 
died in each interval, (g) the total number of survivors at each time of observation, (h) the 
number of tumor-free survivors at each time of observation, (i) the number of tumor (papilloma) - 
bearing survivors at each time of observation, and (j) the number of cancer (carcinoma)- 
bearing survivors at each time of observation. As has already been indicated, we assume that 
the observations leading to the foregoing data were correctly made; the biological and diagnostic 
features of the animal tests will be published separately by Smith and his associates.1» 


For each time of observation, the “per-cent tumor response” is computed according to the 
following equation : 


100 (Total number of mice with tumors) 
Per-cent tumor resp = qi) 


J (Effective number of mice) 


Here, the “total number of mice with tumors” is the cumulative number of mice that died with 
papillomas and/or carcinomas up to the time of observation plus the current number of survivors 
having papillomas and/or carcinomas. That is, the numerator of Equation 1 measures the total 
tumor response for both living and dead mice, the word “tumor” being used here without 
differentiation between benign and malignant forms. 


The “effective number of mice,” con- 
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stituting the denominator of Equation 1, is computed as the original number of mice less the 
number that have died without any tumors up to the time of observation. This is, of course, 
the simplest way to correct for nontumor mortality, and is equivalent to saying that when a 
tumor-free mouse has died it should no longer be counted because it is “out of the race.” 
Other less simple corrections for nontumor mortality would have to be introduced if one chose 
to make special assumptions about the manner in which the tumor-free dead animals would have 
developed tumors, had they survived. 


If one chooses to differentiate between the benign and the malignant tumors in treating the 


data, one can focus attention on cancer development per se by computing for each time of 
observation an expression analogous to Equation 1, namely: 


100 (Total number of mice with cancers) 
Per-cent cancer response = —— @) 


(Effective number of mice) 


Here, “total number of mice with cancers” is the cumulative number of mice that died with 
carcinomas up to the time of observation plus the current number of survivors having car- 
cinomas. This is, of course, the total cancer response for both living and dead mice. On the 
other hand, the denominator in Equation 2 is now taken as the original number of mice less 
the number that have died with papillomas less the number that have died without any tumors 
whatever. 

The detailed attention given to the definitions and corrections outlined above in connection 
with Equations 1 and 2 may appear, at first glance, to be too elementary for consideration. 
However, it was found early in this work that erratic final results in repeated experiments were 
influenced in an important way by failure to take into proper account the differences which 
happened to arise, for one reason or another, in the nontumor mortality rate. When the 
corrections were made as outlined above, these differences in final potency results were greatly 
reduced. As would be expected, this was especially the case when, because of toxicity or other 
factors, the nontumor mortality rate was unusually high or was discontinuous in its course. 


DETERMINATION OF THE “TUMOR POTENCY” VALUE 


When the “per-cent tumor response” or the “per-cent cancer response” is computed 
(in this example, from the data of Table 1) by means of Equation 1 or Equation 2 from mouse 
tests carried out with biologically active refinery products as described, and these values are 
plotted against time on rectilinear graph paper, one usually obtains the roughly sigmoidal 
response curves typified in Chart 1. The irregularity of such curves, which is doubtless accentu- 
ated because of the limited number of animals involved, makes it difficult to read a reliable 
value of the time required to give, say, 50% tumor response. Various other methods of plotting 
were therefore tested in an attempt to make the data fall on straight lines. The purpose of this 
effort was, of course, to give weight to most or all of the experimental points, so that the 
reliability of the 50% tumor-response time would not depend entirely on the accidental precision 
of only two or three points adjacent to the median response time. It was found that rectification 
of the data could be successfully achieved for nearly all of the several hundred sets of data 
examined by the use of logarithmic probability graph paper.* Specifically, the “per-cent tumor 
response” values are plotted on the probability scale, and the corresponding time values (expressed 
in days from the commencement of skin painting) are plotted on the logarithmic scale. A 
straight line is readily drawn through the points by visual fitting. The same procedure can be 
followed, if desired, with the “per-cent cancer response” values. Chart 2 shows how the plots of 
Chart 1 are improved by this procedure. Previous workers have pointed out that such logarithmic 
probability (or “probit”) plots can be successfully applied to response data obtained from single 
subcutaneous injections of varying doses of 1,2,5,6-dibenzathracene,*4 methylcholanthrene,*f or 
benzpyrene *f in mice. The present work establishes the broader utility of the method for mouse 
experiments involving repeated skin painting, where time rather than dosage is the independent 
variable, and especially its applicability respecting a wide variety of high-boiling refinery 


4. No. 3128, Codex Book Company, Inc., Norwood, Mass. 
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products. That this type of plot has been successfully applied in the assay of drugs, insecticides, 
and other materials is also known.® 


We have found it useful to express the tumor-response data as a rate, herein called the 
“tumor potency,” which is defined as follows : 
10,000 


Tumor potency = (3) 
(Days to 0% tumor response) 


The value of the denominator in Equation 3 is simply read from the logarithmic probability plot 
of the “per-cent tumor response” values. (An expression analogous to Equation 3 can, of course, 
be written for “Cancer Potency.”) Division into 10,000 provides rate values of convenient 
magnitude in the case of the products examined in this work. The “tumor potency” may be 
regarded as a composite rate of tumor formation, since it is a function not only of the rate of 
active tumor development but also of the length of the induction period. Under the conditions 
of testing referred to’ earlier in this paper, a very potent carcinogen, such as methyl- 
cholanthrene (0.3 per cent in acetone), gives a “tumor potency” value of approximately 100. As 
for the potencies found in high-boiling refinery products it will only be mentioned that samples 
of such products, as ordifiarily produced, seldom approached the level of tumor potency just 
cited for methylcholanthrene. Of the many samples tested, those displaying biological activity 


1000 


2 5 © 20 © so 70 80 90 95 98 
PER CENT RESPONSE 


Chart 2.—Rectification of tumor- and cancer-response data by plotting on logarithmic 
probability paper (employing same data as used in Chart 1). 


usually gave “tumor potency” values ranging from zero to about 50. This excludes, of course, 
samples that were specially prepared in the laboratory by physical or chemical concentration 
processes, with resulting increase in their potency values. 

If one compares the potencies of different samples by means of their “tumor potency” vaiues, 
it should be kept in mind that these values are determined without differentiating between the 
benign- and the malignant-response data. It is therefore quite possible to obtain comparable 
“tumor potency” values with two materials, one of which may quite readily produce benign 
tumors which change at a relatively low rate into cancers, while the other material may produce 
benign tumors at a more modest rate which change into cancers at a relatively high rate. In 
other words, the use of “tumor potency” values constitutes a conservative approach which 
assumes, in effect, that every benign tumor may become a cancer. Those who wish to make a 
clear distinction between the two types of tumor when making comparisons should employ 
“cancer potency” values. In this connection it has already been mentioned that some of the 
materials examined induced benign tumors readily but failed to elicit the cancerous change 
within the life span of the mice. 

Examination of the logarithmic probability plots showed that a close correlation exists 
between the rates of tumor and cancer development for many, even though not all, of the active 


5. Finney, D. J.: Probit Analysis: Statistical Treatment of the Sigmoid Response Curve, 
New York, Cambridge University Press, 1947. 
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samples tested. In these cases the tumor- and cancer-response lines in the plots were practically 
parallel, as is illustrated by Chart 2, and their distance of separation was quite constant for a 
large variety of materials. Such parallel response lines, if converted to a rectilinear plot such 
as Chart 1, would give pairs of sigmoidal tumor- and cancer-response curves which are separated 
from each other by time intervals depending only on the response level. 


It is therefore possible to make a rough prediction of cancer response from tumor-response 
data for high-boiling refinery products, since many of these products conform to the above type 
of behavior, even though there are exceptions as noted. Such a crude prediction might be useful 
or necessary in prematurely interrupted mouse tests or in tests which, though of normal duration, 
are attended by a cancer response too small to have much quantitative significance. For 
example, at the 50%-response level the ratio “days to 50% cancers”/“days to 50% tumors” was 
found to be about 1.5. As a rough rule, then, the “cancer potency” value is predicted to be 
about two-thirds of the “tumor potency” value. Further experiments would obviously be 
necessary before one could apply these particular prediction ratios to classes of materials 


Taste 2.—Reproducibility of “Tumor Potency” Values 


“Tumor Potency” 
Nontumor 
Actuarial Mortality at 
Sample This Method Method Difference, % 300 Days, % 


37 


* The rate was less than 10% but not directly comparable with the other values in this column, because 
this sample, in contrast to the others, was tested on a mixed colony of male and female mice. 
+ Extrapolated from 10%-response level. 
} Extrapolated from 20%-response level. 


different from those of this paper or to materials tested under different experimental conditions 
of animal strain, painting frequency, dosage, and so on; however, one would expect to find 
similar relationships with other materials and under other conditions of testing. 


REPRODUCIBILITY AND RELIABILITY OF THE “TUMOR POTENCY” VALUE 


Replicate experiments were carried out with several carcinogenic materials that 
had been selected to cover a wide range of potency. The reproducibility of the 
“tumor potency” values is shown in Table 2. The values listed in Column 2 of 
the table were obtained as already described in this paper. Preliminary inspection of 
these results indicates that the probable error is roughly + 10 potency units when 
tumor development is sufficiently active to obviate a large extrapolation from 
lower response levels. Poorer reproducibility is indicated for the values that were 
obtained by extrapolation, as might be expected. 
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An actuarial method of calculating the potency values was also applied to the 
data.® 

Values obtained by the actuarial method are listed in Column 3 of Table 2, and 
the percentage difference between these and the values obtained by our method is 
given in Column 4 of the table. The agreement is surprisingly good, especially 
when one discounts comparisons based on extrapolated data. These differences 
arise, at least in part, from the way in which nontumor mortality enters into the 
calculations. Equation 1 shows that the “per-cent tumor response” can increase 
even if the total number of tumors remains constant, provided nontumor deaths 
continue to occur. On the other hand, the percentage tumor response obtained 
by the actuarial method can increase only if more tumors occur. Comparison of 
Columns 4 and 5 of Table 2 shows that a high nontumor mortality rate acts to 
increase the percentage difference between the “tumor potency” values obtained 
by the two methods. A high degree of correlation between Columns 4 and 5 can- 
not be expected because the time at which the nontumor mortality is selected is 
rather arbitrary; also, the latter is not always uniform but is often observed to 
undergo sudden changes in rate for unexplained reasons. The results given in 
Table 2 therefore show that “tumor potency” values obtained by the method given 
in this paper agree quite well with those of the actuarial method when the non- 
tumor mortality rate of the mouse colony is more or less normal (as judged by, 
say, the mortality rate for a control colony of untreated animals). Since an excessive 
mortality rate early in the test will greatly decrease the validity of the results, 
especially when the material being tested has a low tumor-producing capacity, it 
appears advisable to discontinue such a test at an early stage and to start it anew, 
because the high mortality rate may reflect not only the inherent toxicity of the 
material being tested but also an unhealthy state of the mice, an abnormal strain, 
or other unusual experimental conditions. These considerations led to the adoption 
of the rule that in the mouse tests forming the basis of this paper the test would 
be discontinued if the nontumor mortality within the first 100 days exceeded 30%. 
Such a rule might have to be modified if different testing conditions or different 
strains of mice were employed. 


Since the tumor-response data of the materials considered in this paper nearly 
always fall on straight lines when plotted on logarithmic probability paper, one 
can readily estimate the confidence limits of the “tumor potency” values obtained 


from such plots. A simple method of doing this has recently been published by 
Litchfield and Wilcoxon.’ 


6. Fertig, J. W.: Personal communication to the authors. Briefly described, this method 
consists of computing the probability that tumor would be contracted in each time interval by 
relating the number of animals in which tumors were produced in that interval to the number 
of tumor-free survivors. The complement of this value is the probability of remaining tumor- 
free in the interval. The latter values are multiplied to give the probability of remaining 
tumor-free by any specified time. The complement of this value is the percentage in which 
tumors have developed by the specified time. The assumption inherent in other methods enters, 
namely, that the natural deaths are unbiased and that the animals, if they could be followed, 
would behave just like the animals not lost to observation. 


7. Litchfield, J. T., Jr., and Wilcoxon, F.: A Simplified Method of Evaluating Dose-Effect 
Experiments, J. Pharmacol. & Exper. Therap. 95:99, 1949. 
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The slope functions, S, were measured for logarithmic probability plots obtained 
for a wide variety of 140 high-boiling refinery products, fractions, concentrates, 
and blends. Here, S is calculated as the ratio “days to 50% tumors”/“Days 
to 16% Tumors.” <A frequency plot for S (Chart 3) was found to give a 


\ 


Fh 


4 5 6 7 8 as 
10/( SLOPE FUNCTION) 
Chart 3.—Frequency distribution of the slope function, S, for a wide variety of refinery 
products, fractions, concentrates, and blends. 


"T 


POTENCY UNITS 


T 


CONFIDENCE LIMITS, IN 


OBSERVED “TUMOR POTENCY” 

Chart 4.—Confidence limits (at 95% probability) of “tumor potency” values when these are 

obtained without extrapolation of the data. 


log normal (approximately Gaussian) distribution, with a most probable S value 
of 1.53. (Nearly 80% of the samples had S values of less than 1.75). The effective 
number,’ N’, of mice under test at the 50%-tumor time varied from one material 
to another. However, 20 can be taken as an approximately typical value for N’ 
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in these tests. With these values of S and N’, the 95% confidence limits were 
easily computed by the method of Litchfield and Wilcoxon. These limits pertain, 
of course, to the “average” sample of the large group under consideration ; samples 
having S or N’ values appreciably different from the above averages would have 
correspondingly different confidence limits, exact values for which would have 
to be computed in each specific case. The confidence limits were computed for 
various values of “tumor potency,” and a plot of the limits is shown in Chart 4. 
Although the magnitude of the spread between these limits increases with increasing 
value of the “tumor potency,” it is readily shown to be constant when expressed as 
a percentage of the potency, and amounts to + 31% and — 24% for the “average” 
sample chosen for this computation. It has already been pointed out that most 
of the biologically active materials tested had “tumor potency” values ranging from 
zero to about 50. Chart 4 shows that the mean confidence limits over this range 
are in rough agreement with the probable error of + 10 potency units, estimated 
in the preliminary inspection of replicate data. It is of some interest to mention, 
in this connection, that the average confidence limits of + 31% and — 24% which 
apply to skin-painting tests carried out with 30 mice are quite good when com- 
pared with the limits of + 100% and — 50% that were estimated by Bryan and 
Shimkin ** for data recorded in the literature which were obtained by subcutaneous 
application of carcinogenic hydrocarbons on the basis of 100 mice. 

The estimation of confidence limits by means of Chart 4 is valid only when the 
50%-tumor-response time lies within the range of the animal-test data. Extra- 
polation of the data is usually required with materials of relatively low potency. 
The point of differentiation is not exact, because it depends on the particular 
mortality rate, or toxic effect, that is encountered with a given sample. However, 
the “tumor potency” values of the materials considered in this paper usually 
involve such an extrapolation when the values are in the neighborhood of 25 or 
less. When extrapolation has to be performed, the 50% response time and the 
corresponding “tumor potency” value will have larger standard errors, and the 
magnitude of the latter will depend on the extent of extrapolation. Statistical 
considerations *° show that for a given effective number of animals extrapolation 
from the 10% response level increases the standard error of the median time in 
the ratio 2/1.25. Thus, if a “tumor potency” value of 20 is obtained by extrapolation 
from a 10%-response level, its confidence limits, expressed in potency units, will 
be + 10 and — 8, rather than the values of + 6 and — 5 indicated in Chart 4. 
In other words, it becomes difficult to make reliable quantitative distinctions between 
samples having “tumor potency” values less than 20, under the conditions of these 
animal tests. However, the reliability of such values can be improved, if neces- 


sary, by using larger colonies of mice, although the price of such improvement 
is rather high.* 


SUMMARY 


An analysis has been made of several hundred sets of tumor-response data 
obtained from mice on whose skin a large variety of high-boiling petroleum refinery 


8. The standard error of the median response time is inversely proportional to the square 
root of the effective number of animals. In order to double the reliability of the potency value, 
it is therefore necessary to employ four times as many mice. 
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products, fractions, concentrates, and blends had been applied. With few excep- 
tions, the tumor and the cancer response were found to give linear plots on 
logarithmic probability paper. Detailed methods have been outlined for computing 
the response data and for expressing the carcinogenic activity as a single number, 
having the dimensions of a rate, which is useful for comparing the potencies of 
different materials and for developing correlations. The reproducibility and relia- 
bility limits of the results have been treated at some length. Also, a rough method of 
predicting cancer response from tumor-response data has been presented for the 
broad class of materials considered. 

W. E. Smith, M.D., and D. Sunderland, M.D., of the Post-Graduate Medical School of the 
New York University-Bellevue Medical Center; K. Sugiura, Sc.D., of the Sloan-Kettering 


Institute, and their associates obtained and kindly supplied the mouse-test data on which this 
analysis is based. 


J. W. Fertig, Ph.D., of Columbia University, supplied the actuarial computations cited in 
this paper, and also contributed valuable discussion relating to the reliability of the results. 


C. L. Brown, Ph.D.; R. E. Eckhardt, Ph.D.; Mr. H. G. M. Fischer, and other associates 
in the Esso Laboratories have generously supported and aided in the broad experimental 
program, of which this paper is a part. 
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LOBAR DEPOSITION AND RETENTION OF INHALED 
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EARCH of the literature fails to show any quantitative information on the 
amount of particulates retained in the lungs after appreciable lengths of time 
following the termination of exposure. Brown, Cook, Ney, and Hatch * and Landahl 
and Tracewell,? have defined quantitatively the deposition of particulates as a 
function of particle size in different portions of the respiratory tract of man. These 
determinations were made for only brief periods of inhalation. Inasmuch as reten- 
tion, perhaps even more than deposition, plays a dominant role in chronic injury of the 
lung following inhalation of insoluble particulates, knowledge of the amount and 
the pattern of the retention in various portions of the lung is desirable. Accordingly, 
the alveolar deposition and retention were quantitatively determined in rats inhaling 
insoluble oxides of uranium at known atmospheric concentrations and particle size 
for varying periods of exposure. Two uranium oxide dusts with a five-fold differ- 
ence in particle size were used, and quantitative, analytical data were obtained on 
the following aspects of the pulmonary retention problem: (1) the amount of 
deposition of particulates at six hours of exposure in each of five lobes of the lung; 
(2) retention values for each of the lobes at the tenth day during progressive 


This paper was read at the Annual Meeting of the American Industrial Hygiene Association, 
Atlantic City, April 24-26, 1951. 
This report includes much of the material appearing in University of Rochester Atomic 
Energy Project Quarterly Technical Report No. 164. 
From the Division of Pharmacology and Toxicology, Department of Radiation Biology, : 
University of Rochester School of Medicine and Dentistry. 9 
Dr. Stokinger’s present address is as follows: Division of Industrial Hygiene, United States q 
Public Health Service, Environmental Hygiene Branch, 1014 Broadway, Cincinnati 2. 
oo This paper is based on work performed under contract with the United States Atomic 
Energy Commission at the University of Rochester Atomic Energy Project, Rochester, N. Y. 
1. Brown, J. H.; Cook, K. M.; Ney, F. G., and Hatch, T.: Influence of Particle Size upon 
the Retention of Particulate Matter in the Human Lung, Am. J. Pub. Health 40:450, 1950. 


2. Landahl, H. D., and Tracewell, T.: Penetration of Air Borne Particulates Through the 
Human Nose, II, J. Indust. Hyg. 31:55, 1949. 
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inhalation ; (3) retention for the left and right lungs at various periods up to eight 
months following the end of exposure; (4) the estimated half biologic-retention 
time for uranium oxide in the rat lung, and, finally, (5) from analyses of cascade- 
impactor data, the calculation of the nasal filtration cut-off point for the rat. 

It is believed that the information reported herein may find application in the 
estimation of localized radiation dosages from internal emitters. Certainly, the 
problem of the quantitative aspects of retention has long been one of interest to 
pulmonary physiologists. 


EXPERIMENTAL PROCEDURES 


Two parallel inhalation exposures of rats were made, using uranium oxide dusts. One 
employed uranium tritaoctoxide (U:Os) at a mass-median particle diameter of 2.6 microns (+) 
(standard geometric deviation, %,, 2.6) ; the other employed uranium dioxide (UOz) at a particle 
diameter of 0.45 “ (¢,, 2.6). The dusts were prepared, separated into sized fractions and dis- 
persed in the chamber according to Wilson, Sylvester, Laskin, LaBelle, and Stokinger.* The 
duration of exposure was for one day (six hours) and for 9 days (54 hours) during an 11-day 
calendar period and was the same for each of the dusts. The exposure concentration of the 
U;Os dust averaged 84 mg. per cubic meter of air (68 mg. U/cu.m.) as determined by ferro- 
cyanide analysis + of filter-paper dust samples taken each 45 minutes during the exposure; the 
UO, concentration averaged 84 mg./cu. m. (71 mg. U/cu. m.). From cascade-impactor sampling 
of the exposure atmosphere, it was possible to determine the percentage of these concentrations 
for any particle size. 

A group of 10 albino male rats averaging 275 gm. body weight (+23 gm.) was exposed at 
each of the four conditions. Approximately 40 additional rats of the same sex and weight were 
exposed in groups of 20 each for 54 hours to each dust and were held for 1.5 to 8 months after 
termination of exposure before being killed. Rats in the other groups were killed no earlier than 
20 hours after the end of exposure in order to ensure the clearing of the larger respiratory 

. passages of particulates.» After the rats had been killed by chloroform anesthesia, their lungs 
were immediately removed, the five lobes were dissected and after gentle blotting were individu- 
ally weighed to the nearest milligram on an analytic balance. The uranium content of each lobe 

was determined to the nearest 0.1 microgram (“g.) by the fluorophotometric method ® and the 
deposition and the retention calculated. Table 1 shows the procedures employed on the various 
animal groups. 


RESULTS 


Lobar Deposition of Uranium Oxides.—The average uranium concentrations 
found in the five pulmonary lobes of 10 rats exposed for six hours to U,O, dust 
particles at a mass-median diameter (MMD) of 2.6 » and for the same time to 
UO, dust particles at an MMD of 0.45 » appear in Table 2. It is seen that ten-fold 
greater amounts were deposited in each of the lobes of those rats exposed to dust 
of the smaller particle size. Striking also was the 150 to 175% greater deposition 


3. Wilson, H. B.: Sylvester, G. E.; Laskin, S.; LaBelle, C. W., and Stokinger, H. E.: 
The Relation of Particle Size of Uranium Dioxide Dust to Toxicity Following Inhalation by 
Animals, J. Indust. Hyg. 30:319, 1948. 

4. Cohenour, L.; Weil, C. S., and Stokinger, H. E.: The Quantitative Colorimetric Deter- 
mination of Uranium Employing Ferrocyanide and Acetic Acid, University of Rochester Atomic 
Energy Project Report No. M-1569, 1944. 

5. Scott, K. G.; Axelrod, D.; Crowley, J., and Hamilton, J. G.: Deposition and Fate of 
Plutonium, Uranium and Their Fission Products Inhaled as Aerosols by Rats and Man, Arch. 
Path. 48:31 (July) 1949. 

6. Neuman, W. F.; Fleming, R. W.; Carlson, A. B., and Glover, N.: The Fluorophoto- 
metric Determination of Uranium in Biological Material, J. Biol. Chem. 173:41, 1948. 
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in the superior right lobe than in any other lobe of the rat lung. These differences 
were statistically significant and were found to occur uniformly in all rats, irrespec- 
tive of the dust or the particle size used. Analytic values for each lobe of rats if 
exposed to UO, dust of 0.45 » size are given in Table 3. They are included to show 

the range of values found in a typical experiment and comprise lobe weights and ll 
corresponding uranium contents, rat body weights, and lung weight to body weight i} 
ratios. From these raw data the average uranium concentration of each lobe shown 
in Table 2 was calculated. 


Tas_e 1.—Disposition of Animals 


Particle Duration 
Size Exposure, 
MMD, « Hr. Sacrifice and Analysis Procedures 


ot UsOs 2.6 6 5 lobes, 20 hr. after exposure 
10 Us0Os 2.6 4 5 lobes, 20 hr. after exposure 
7 UsOs 2.6 i Right and left lungs, 1.5 mo. after 
exposure 
6 UsOs 2.6 i Right and left lungs, 3.5 mo. after 


exposure 


10 UOez 0.45 6 5 lobes, 20 hr. after exposure 
10 UO2 0.45 i 5 lobes, 20 hr. after exposure 
” U0: 045 oA Right and left lobes, 2 mo. after 
exposure 
“ 7 UOz 0.45 bs | Right and left lobes, 8 mo. after 


exposure 


Tas_e 2.—Average Uranium Concentrations in Lung Lobes of Rats Inhaling Insoluble 
Uranium Oxide Dusts for Six Hours (Atmospheric Concentration of Dust, 
Approximately 80 Mg./Cu. M.) 


Total 


Superior Median Inferior Posteaval ug. U/Gm.+ 

Mass-Median Particle Size 2.6 UsOs Dust 
q 23.7 36.5 20.8 21.9 23.1 “4 A 
- Mass-Median Particle Size 0.45 « — UOz Dust 

241 333 27 232 24 241 


* Each value is expressed as micrograms of U per gram of fresh tissue, representing the average for 9 
or 10 rats. 

+ Each value was calculated from the sum of the concentrations of all lobes apportioned according to 
the relative weight of each lobe. The per-cent alveolar depositions were 0.93 and 8.3% of the atmospheric 
eoncentrations, respectively, using a minute-volume for the rat of 110 ec. 


4 
: 4 Lobar Retention at Fifty-Four Hours——The average uranium content of each 
4 of the five pulmonary lobes of rats exposed intermittently for a period of 54 hours 
: 4 (11 days) to one or the other of the uranium dusts is given in Table 4. Although 
4 the arrangement of the data does not show it, the amount of retention and the 
q pattern of lobar localization were similar at 54 hours to that at six hours; that is, 
4 


the greatest amount of uranium was found in the superior right lobe irrespective 
of particle size, and the amount at the smaller size was seven to eight times that of 
the larger. Appearing in Table 4 also is the expected 54-hour uranium content 
of each lobe calculated as nine-fold the daily deposition shown in Table 2. By 
comparison of the found and the calculated 54-hour uranium contents, the per- 
centage uranium removed from each lobe in 10 days has been estimated as shown 
in Table 4. The uranium values have been presented as total uranium content of 
each lobe rather than as concentration because evidence of mild injury (probably 
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edema) is shown in the variable increase in individual lobe weights at the 54-hour 
period of animals exposed to the smaller-particle-size dust (Table 5). The most 
striking difference of calculated and found lobar contents after the 54-hour period 


Taste 3.—Lung Lobe Weight (in Grams) and Corresponding Uranium Content (in Micrograms) 
of Rats Exposed for Six Hours to UOz (Atmospheric Concentration, 
80 Mg./Cu. M.; Particle Size 0.45 u) 


Rat Total U 
Right Body Cone’n 
Obser- Wt. in Fung, Lung Wt. 199 
Rat vation Lower Median Upper Posteaval Totals Gm. gag. U/Gm. Body Wt. 
1 wt. 0.373 0.364 0.131 0.110 0.077 1.055 258 260 0.41 
U 105 78 31 38 275 
> wt. 0.374 0.331 0.148 0.118 (0.093) (0.972) 270 286 0.40 
U 108 93 32 4 277 see oad 
3 wt. 0.588 0.493 0.197 9.171 0.169 1.568 22 126 0.58 
U ag 44 26 19 2 198 aon oad 
4 Wt. 0.484 0.384 0.166 0.135 0.1238 1.292 298 271 0.43 
U 101 106 43 42 38 350 
5 wt. 0.362 0.289 0.144 0.114 0.118 1,010 268 239 0.38 
37 63 29 33 29 241 
6 wt. 0.409 0.380 0.144 0.149 0.120 1.219 276 237 0.44 
U 700 95 31 20 287 
7 Wt. 0.378 0.322 0.155 0.135 0.125 1.135 278 on 041 
st 258 és 


Tas_e 4.—Average Uranium Contents and Per-Cent Removals of Uranium in Lung Lobes 
of Rats Inhaling Uranium Oxide Dusts for Nine Days ( Atmospheric 
Concentration of Dust, 80 Mg./Cu. M.) 


i4-Hr. Deposition 


Found, Cale’d,* U Removed in 
Lobe ae. U/ Lobe ug. U/ Lobe 10 Days, % 5 
Mass Median Particle Size 2.6 « — UsOs Dust 


282 


: 720 32 
Posteaval 204 234 13 


* Each calculated value is nine times the mean daily deposition of the lobe. 


occurred in the median right lobe; essentially no removal of uranium appears to 
have occurred during the 10 days of exposure, as the uranium content found in this 
lobe was precisely that expected from the average daily deposition of that lobe. 


Not so immediately apparent from Table 4, but nonetheless real, is the evidently 
faster rate of clearance of the superior right lobe. This has been made more 
apparent by calculations shown in Table 6 for U,O, dust at six hours’ exposure. 


=e 
ae 
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The calculations show 106 yg. uranium removed per gram of pulmonary tissue in 
the superior right lobe on the average, compared with a mean of 49 yg. for three 
other lobes (left, inferior right, and postcaval). 

Rates of Removal of Uranium Oxides—By comparing the uranium contents of 
the right and left lobes of the rat lung at various intervals up to eight months with 
similar values obtained at the close of 54-hour exposure it is possible to determine 
the rates at which uranium dusts of different particle sizes are removed from the 
right and the left side of the lung and to estimate from these values the half 
biological-retention time for each of the two oxides in the rat lung. Table 7 shows 
the uranium contents of the right and left portions of the rat lung as experimentally 
determined 1.5 and 3.5 months after exposure for U,O, dust compared with similar 


TasL_e’5.—Average Lobe Weights* (in Grams) of Rats Exposed for One and Nine Days 
to Uranium Oxide Dusts (Atmospheric Concentration of .Dust, 80 Mg./Cu. M.) 


Left 


Right 
Time, Hr. Superior Median Inferior Posteaval Lung, Gm. 
Mass-Median Particle Size 2.6 4 — UsOs Dust 
Didscsiekvestecashs 0.44 0.14 0.17 0.39 0.13 1.27 


GB. 0.45 


0.16 0.18 0.39 
Mass-Median Particle Size 0.45 « — UOe Dust 


0.41 0.14 0.15 0.36 0.12 
0.65 0.16 0.20 0.45 


1.31 


1.18 
0.17 1.68 


* The tissue weight was determined to the nearest milligram directly after excision. 


4 TABLE 6.—Removal of Uranium from Lung Lobes of Rats Exposed to UsOs Dust 
a 

a Deposition Lobe 10-Day 

a4 Cale’d-Found, Weight, U Removal, 
Lobe ug. U Gm. ug. U/Gm. 


values obtained at termination of exposure. The amounts of uranium removed at 
these periods have been calculated as percentages of the 54-hour-exposure values. 
Similar values and calculations have been made for UO, dust at 0.45 y-particle size 
up to a period eight months after exposure. 

It is apparent from Table 7 that larger-sized particles are removed at a faster 
rate than smaller particles (e. g., 44% vs. 23%, respectively) at 1.5 to two months 
after exposure. Inasmuch as 56% of the uranium dust of MMD 2.6 » was removed 
from the whole lung in 3.5 months, the half biologic-retention time of the particles 
penetrating the upper respiratory passages of the rat is approximately three months 
at this particle size; for the uranium dust of MMD 0.45 » the half biologic-retention 
time is eight months. Moreover, it was consistently found that the uranium is 
removed faster from the right than from the left lung (Table 7). 


COMMENT 


Certain quantitative answers have been given to the question of what amount of 
an air-borne particulate of known concentration and particle size is deposited and 
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retained in the anatomic divisions of the rat lung under normal breathing conditions. 
Emphasis in this study has been placed on retention as opposed to deposition, because 
this important phase of pulmonary behavior has been neglected experimentally. 
The distinction between the terms deposition and retention as used herein should 
be made clear; in the current literature these two terms have been used inter- 
changeably to the detriment of clarity of experimental design and presentation. It 
is suggested that the term “deposition” be reserved for the actual deposit of material 
occurring at a site prior to the initiation of physiologic elimination processes. 
Depending on the nature of the material, this period may extend from 15 minutes 
to four or five days‘ or possibly longer. Sooner or later, however, the elimination 
process makes itself quantitatively felt. That which remains of the deposit after 
elimination has begun is therefore called “retention.” Thus, retention is related to 
deposition as follows: deposition — elimination — retention. 

Additional evidence for the validity of this distinction in terms is given by factors 
influencing each of these processes. Physical factors such as particle size, density, 
concentration, anatomic and postural effects, and breathing rate chiefly influence 


TaBLe 7.—Average Content of Uranium in Lobes of Rat Lungs After Termination of Exposure 


Left Lung Right Lung Total ul Lung 


Weight, U Con- Weight, U Con- Weight, UC ‘on- 


Rats Gm. tent,ug. Gm. tent,ag. Gm. tent, ag. “Lett Right Total’ 
Us0s — 2.6 « MMD 


End of expos., 54 hr......... 10 0.45 “4 0.87 130 1.32 204 “ie 

1.5 mo. after expos........... 7 0.55 41.6 1 74 1.66 116 4 43 “4 

3.5 mo. after expos........... 6 0.58 37.4 1,00 53 1.58 90 49 59 56 
UOe — 0.45 « MMD 

End of expos., 54 br......... 10 0.65 612 0.98 1,260 1.68 1,872 es 

2 mo. after expos............ 9 0.69 5AT 1.31 895 2.00 1,442 ll 29 23 

8 mo. after expos............ 7 0.81 320 14 458 2.21 730 48 63 58 


(ug. U) orig. —ug. U U (final) 


* The per-cent amount of uranium removed equals— ine. O) evie: x 100. 


deposition ; on the other hand, a different set of factors for the most part govern 
retention, such as rate of phagocytosis, chemical toxicity, solubility and wetability 
of the particulate. Thus in the present study “deposition” has been reserved for the 
deposit of uranium oxides for the six-hour exposures, and “retention” for the amount 
remaining in the alveoli at the end of 54-hour exposure as well as at all subsequent 
periods. 

“Nasal Filtration’"* Cut-Off Point of the Albino Rat.—The most reasonable 
interpretation to be placed on the finding that the amount of uranium dioxide of 0.45 
» diameter deposited in rats’ alveoli is 10 times that from a similar insoluble oxide 
(U,O,) of 2.6 m size is that the nasal passages of the rat filter a significant pro- 
portion of the larger-size particles, thus in effect submitting the lungs of the animal 
to a far higher concentration of the smaller-size particles. The interpretation that 


7. The effect of elimination processes on the amount of UOs of MMD 1.2 # remaining in 
the lung from repeated daily six-hour exposures could not be detected up to a period of five 
days in the rat, so that the average daily deposition rate was constant during this period; 
detectable differences were apparent, however, after this time. This was true for exposure 
concentrations of either 1 or 10 mg. UO:/cu.m. (unpublished results). 

7a. The designation “nasal filtration” is intended to include nasal and upper respiratory 
passages down to and including the bronchi. 
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density differences (10.9 for UO, and 7.3 for U,O,) might so affect terminal 
settling velocities as to account for the ten-fold differences may be shown to be 
theoretically untenable *; likewise, differences of mean body weights among animal 
groups were insufficient (12%), as were differences of lung-tissue weights, to 
account for deposition differences of such magnitude. 

Accordingly, cascade-impactor * data secured from the exposure atmospheres 
were used to determine whether a ten-fold difference of air concentration of the 
particulates could have existed at any particle size obtainable in the two size dis- 
tributions, 0.45 » and 2.6 » MMD. Table 8, which gives the uranium-exposure 
concentrations at certain median particle-size diameters, shows that 0.7 » MMD 
corresponds to a concentration that would permit a ten-fold difference in alveolar 
deposition of the two size distributions of the uranium dusts of density 10 and 11, 
respectively. This value of 0.7 » may be taken as the mass-median diameter at or 
below which nasal filtration is zero or closely approximates it. This figure seems 
reasonable for the rat in view of the value of 1.2 »-particle diameter for man arrived 
at by Hatch.' 


TaBLe 8.—Determination of Nasal-Filtration Cut-Off Point * 


Us0s UO2 
(MMD ut), CMMD 0.45 zt), 
Particle Size Below Mg. U/Cu. M. Mg. U/Cu. M. 

30.5 

49.7 

57.5 

69.4 

71 


* The exposure concentration of uranium oxide is given in mg. U/eu. m. at vinous mass-median utile 
et rhe mass-median diameters were obtained on chamber air with ified de impact 


Percentage of Alveolar Deposition of Atmospheric Particles——By utilizing the 
atmospheric concentrations of 5 and 50 mg. U/cu. m. as the amounts of particulates 
of 0.7 » mass-median diameter reaching the alveoli of the rat, the average alveolar 
deposition of uranium oxide was calculated to be 10 and 11%, respectively, for 
UO, and U,Q, of that capable of entering the rat’s lung. A minute volume '° of 
110 ml. for the 275-gm. rat was used in the computation. On the other hand, if the 
amount of alveolar deposition was calculated from the respired volume of the total 
atmospheric concentration of each dust of all particle sizes, a value of 0.86% for 
U,O, at 2.6 » and of 8.3% for UO, at 0.45 » was found. The latter values are 
practically the more useful for expressing percentage deposition. 

Lobar Differences in Deposition and Elimination Rates—The real difference 
of 150 to 175% increased deposition of particles of either uranium oxide dust found 


8. The view that other properties of UOz and U:Os are sufficiently different to account for 
a significant fraction of the ten-fold change in deposition has been ruled out experimentally, 
for a ten-fold difference was also found in two parallel studies on rats in which the same 
uranium oxide (UO) was used at these particle sizes but at a ten-fold difference in exposure 
concentration (unpublished results). 

9. Stokinger, H. E., and Laskin, S.: Air Pollution and the Particle-Size Toxicity Problem, 
II, Nucleonics 6:15, 1950. 

10. Guyton, A. C.: Measurement of the Respiratory Volumes of haheriecy Animals, Am 
J. Physiol. 150:70, 1947. 
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in the superior right lobe of the rat may possibly be explained on an anatomic basis. 
Replicas of the arterial, venous, and air passages of the rat lung made by latex 
injection indicate that the superior lobe is the first and nearest repository for the 
particles as they pass down the trachea. The faster emptying time of this lobe 
(Table 6) may be attributed to its apical position, which would confer on it increased 
mechanical and physiologic activity. The increased deposition in the superior right 
lobe is taken to indicate increased pulmonary ventilation of this lobe ; the more rapid 
the rate of elimination, the greater the physiologic activity of this lobe compared 
with any other in the rat. 

Probably the most striking piece of evidence in the entire study of the difference 
in physiologic activity of the lobes is the absence of any demonstrable amount of 
elimination of uranium from the median right lobe of the rat in 10 days following 
the start of exposure. The decreased physiologic activity of this lobe is probably 
to be explained by the cushioning effect of the upper and lower lobes surrounding 
it during normal breathing processes. This finding of prolonged retention in one 
lobe of the lung requires recalculation of the dosages of radiation from internal 
emitters formerly based on the assumption that inhaled particles were uniformly 
distributed throughout the lung. 

At first glance the greater rate at which uranium was removed from the right 
lung (Table 7) may appear inconsistent in the light of the demonstrated negligible 
rate at which it was removed from the median right lobe (Table 6). That right-lung 
removal is faster is a fact, however, and the effect of the negligible contribution made 
to this removal by the median right lobe is obscured by, first, the apparently far 
faster rate of removal in the other right lobes, and, second, by the far greater 
relative size of their tissue mass. These two factors would more than counter- 
balance any effect of the median right lobe on the activity of the right lung as 
a whole. 


SUMMARY AND CONCLUSIONS 


The rates of alveolar deposition and elimination of insoluble particulates were 
determined for each of the lobes of the rat lung following inhalation of uranium 
oxides of different mass-median particle sizes. 

Three lobes had similar rates of deposition and elimination. The superior right 
lobe differed in that deposition occurred at a faster rate (150-175%) than in any 
other lobe. At 10 days after the start of exposure this lobe’s elimination of uranium 
was double that of other lobes on the basis of unit weight of lung tissue. The median 
right lobe also differed from the others; no elimination was detectable in a 10-day 
period. Nevertheless, greater amounts, both absolutely and percentagewise, were 
removed from the right lung than from the left after exposure irrespective of 
particle size. 

From the finding that 10 times greater amounts of uranium were deposited in 
the alveolar spaces with UO, of MMD 0.45 » than were deposited with U,O, dust 
of MMD 2.6 » and the knowledge of the atmospheric concentrations of the two 
dusts at stated particle sizes, it was possible to estimate that the nasal filtration 
cut-off point in mass-median diameters was about 0.7 » for the rat. 

Alveolar deposition was calculated to be but 0.9% for U,O, of 2.6 » MMD 
based on respired atmospheric concentrations of particles of all sizes of this dis- 
tribution ; for UO, at MMD 0.45 uy, alveolar deposition was 8.3%. 
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IMPINGEMENT OF DUST FROM AIR JETS 
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DUST SAMPLING BY IMPINGEMENT 


HEN A jet of air blows normally on a plate, particles of suspended matter 
may be deposited, since their inertia causes them to deviate sideways to a 
smaller extent than the streamlines of air flow. This principle is used to a great 
extent in sampling dusts and aerosols, the earliest application probably being that 
4 of Michaelis,’ who in 1890 impinged dusty air on a water surface and collected the 
dust in water. Until about 1916 dust sampling in the South African gold fields 
was carried out by using the sugar tube, a soluble filter, which had been developed 
in 1886 by Frankland? for sampling air-borne bacteria. This was a gravimetric 
method and gave results depending mainly on particles of the larger sizes present 
in mine air. Postmortem examination of victims of silicosis had established that 
most dust particles in the lung were below 2 microns (2 ») in size, so that the disease 
was evidently due to dust which was too fine to be satisfactorily estimated by the ; 
means of the sugar tube. R. N. Kotzé devised the konimeter to give a better assess- 
ment of dust particles of the dangerous sizes. His instrument has been described 
by Innes.* Kotzé’s idea of particles impinging on a sticky plate was successful, and ‘ 
the design was copied and modified so that by 1922 eight different types could be 
described by Flugge de Smidt.t The Zeiss instrument, incorporating a microscope, 
was produced at the suggestion of the latter in 1927. 
In the meantime, Owens * had found experimentally that the rate at which par- 
ticles escaped from a jet dust-counting instrument which he had made was much 
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1. Michaelis, H.: Priifung der Wirksamkeit von Staubrespiratoren, Ztschr. Hyg. u. 
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3. Innes, J.: The Investigation of Injurious Dust in Mine Air by the Kotzé Konimeter, 
J. Chem., Metal & Min. Soc. South Africa 18:199, 1918. 
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reduced if the air had been saturated with water vapor by allowing it to approach 
the jet via a damp-walled chamber. He considered that the adhesion of dust par- 
ticles to the plate was improved by water condensing on them as the air expanded 
adiabatically in passing through the jet. Aitken® had found in 1888. that an 
expansion of one-fiftieth was sufficient to cause condensation on dust and had been 
able to obtain dust counts by allowing the resulting water droplets to settle from 
a known height on a polished silver plate. Owens’ impingement instrument was 
more convenient to transport and use than the sedimentation counters made by 
Aitken. 

Impingement on a surface under liquid was introduced by Greenburg and 
Smith * in 1922 and by Kotzé * in 1923 with the idea of combining the impingement 
principle with that of collection by a water spray, as in the Palmer ® apparatus 
(1916). Dust was momentarily arrested, wetted by the collecting fluid, and in this 
manner trapped. Comparative tests of different kinds of sampling apparatus carried 
out by Katz and his associates *° in 1925 showed the Greenburg-Smith impinger to 
be more efficient than any of the other instruments tried in terms of weight of dust 
collected and apparently still more so with reference to the number of particles 
counted. As a result it was widely adopted in the United States for routine dust 
sampling. 

More recent dust-sampling instruments, which work by impingement, include 
the “Minnesota dust counter” (Rowley and Jordan ''), on which the deposit plate is 
moved sideways across the jet so as to spread out the trace and make counting 
possible when the concentration of dust is high. Another development is the Cascade 
Impactor (May ™), possessing a series of jets of increasing velocity, which are 
used to separate particles into different size groups. 

The performance of dust counters depends on a number of factors of design and 
usage as well as on the nature of the dust. Although several investigations have been 
made regarding the relative efficiencies of various instruments, there is not much 
information available about the basic principles of impingement. Nor is it possible 
to draw from work which has been published general conclusions regarding the 
behavior of different kinds of dust and the use of the different techniques, namely 
impingement with and. without humidification, use of a plate coated with an adhesive, 
anc impingement under liquid. 

6. Aitken, J.: On the Number of Dust Particles in the Atmosphere, Tr. Roy. Soc. Edin- 
burgh 35:1, 1888. 

7. Greenburg, L., and Smith, G. W.: A New Instrument for Sampling Aerial Dust, R. I. 
2392, United States Department of the Interior, Bureau of Mines, 1922. 

8. Kotzé, R. N.: A New Method of Dust Determination, J. Chem., Metal & Min. Soc. 
South Africa 24:1, 1923. 

9. Palmer, G. T.: A New Sampling Apparatus for the Determination of Aerial Dusts, 
Am. J. Pub. Health 6:54, 1916. 

10. Katz, S. H.; Smith, G. W.; Myers, W. M.; Trostel, L. J.; Ingels, M., and Greenburg, 
L.: Comparative Tests of Instruments for Determining Atmospheric Dust, Bulletin 144, Federal 
Security Agency, United States Public Health Service, 1927. 

il. Rowley, F. B., and Jordan, R. C.: Comparative Performance of 4 Different Kinds of 
Dust Counter, Technical Paper No. 35, Mining and Engineering Experimental Station, Uni- 
versity of Minnesota, 1942. 


12. May, K. R.: The Cascade Impactor; an Instrument for Sampling Coarse Aerosols, 
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The contents of this paper fall under five headings. First there is a comparative 
study of several well known dust-sampling instruments using a standard cloud 
of coal dust. In preliminary trials it was found best to disperse a static cloud in a 
small chamber and to sample this more or less simultaneously with the instrument 
under test and with two thermal precipitators (Green and Watson **) the perform- 
ance of which served as the basis of comparison throughout the trials. This method 
was adopted after experimenting with continuously generated clouds of dust, which 
could not be kept sufficiently steady in concentration for accurate work. The static 
cloud was reproducible in a satisfactory degree, and a wide range of concentrations 
could be dispersed at will. In addition it resembled the air-borne cloud of the coal 
mine in having some particles which were aggregates of smaller units, particularly 
those of the larger sizes. The cloud was sufficiently fine for the decrease in con- 
centration during the sampling period to be negligible. 

Under the second heading the performance of sampling instruments against 
quartz dust is described. These experiments were carried out under the same general 
plan as the coal-dust series, but the observations were limited in number to those 
likely to give useful information. 

The remainder of the paper consists of a discussion of the previous results in 
general terms, amplified by experiments on simpler systems which define and 
illustrate important conclusions. 

In Section III some experiments on air flow in jets are described, together with 
their bearing on the collection of coarse particles. 

In Section IV the performance of impingement jets with particles smaller than 
1.25 mw is considered. An entirely different technique was used to assess the per- 
formance of sampling instruments with these small particles. 
Finally, in Section V the theory of impingement is discussed. 


I. 


A COMPARATIVE STUDY OF DUST-SAMPLING INSTRUMENTS 
WITH COAL DUST 


Dispersal of the Experimental Coal-Dust Cloud.—An experimental technique 
was developed for putting up a standard coal-dust cloud in a roughly cubical test 
chamber having a volume of 189 liters. Since the density of the dust deposit of the 
sampling instrument must lie within certain limits for accurate counts to be made 
under the microscope, and there is a considerable variation between different instru- 
ments in this respect, it was necessary to be able to produce at will a cloud of pre- 
determined concentration which would have the same distribution of particle sizes, 
whatever the dust concentration might be. 


The coal used was “dry duff,” the fines from screening anthracite, which yielded 18% 
ash. It was ball-milled dry by means of 1-in. (2.5-cm.) pebbles for 20 hr. and sieved down to 
200 mesh. A known weight of sieved dust was placed in a U-tube and blown into the chamber 
through an elutriator with an air flow of 3 1./min. for five minutes (Fig. 1). 

The charge of dust was placed in the bend of the tube, where the diameter was 0.5 cm., and 
the air was turned on. The upper part of the tube opened up to 1.4 cm., where the air speed 
was 33 cm./sec., which is sufficient to lift a sphere of unit density having a diameter of 120 « 
(Davies 14). This part was connected directly to the elutriator which the dusty air entered 


13. Green, H. L., and Watson, H. H.: Physical Methods for the Estimation of the Dust 
Hazard in Industry, Medical Research Council, Special Report Series, No. 199, London, His 
Majesty’s Stationery Office, 1935. 


14. Davies, C. N.: Definitive Equations for the Fluid Resistance of Spheres, Proc. Physical 
Soc. 57:259, 1945. 
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after passing under a 5¢-in. (1.5-cm.) diameter steel ball that was lifted slightly off its seating 
by the flow and caused to rotate, thus breaking up large aggregates. The elutriator expanded to 
10-cm. in diameter where the velocity was 0.64 cm./sec., the terminal velocity of spheres of 
unit density 14.5 « diameter ; the dependence of the limiting size on the density of the sphere is 
easily estimated, since the diameter is almost inversely proportional to the square root of the 
density. The elutriator vented into the chamber through a 1-in. (2.5-cm.) orifice and received 
a constant knock every 15 sec. from a spring-loaded hammer. 

Under these conditions the concentration of the dust-cloud in the upper part of the elutriator 
was kept moderate. Too high a value had been found to lead to the production of an excessive 
proportion of large, flocculant aggregates in the final test cloud. 


CHAMBER 


Dust 
Fig. 1—The method of injecting dust into the chamber. 


During the five minutes of dispersal the dust cloud in the chamber was fanned with a thin 
sheet-metal propeller of low pitch, 9 in. (about 23 cm.) in diameter and rotating once a second. 
The fan was then stopped, the air flow turned off, and the cloud in the chamber left to settle 
for an hour. Finally the residual cloud was fanned for one minute, as before; then the fan was 
stopped, and sampling tests were proceeded with. 

Microscopic Technique——For counting and sizing the coal-dust deposits a %-in. (6.4-mm.) 
objective (numeric aperture, 0.68) and a X 15 eyepiece fitted with May’s 1? graticule were used. 
The microscope-tube length was adjusted to make Circle 1 measure 1 # and Circle 9 equal 16 # 
diameter. The ratio of successive circles is V2, and it was assumed that particles small than 
0.4 » diameter could not be seen. 

In sizing, the diameter of a particle was taken to be the diameter of a circle having an area 
equal to the particle seen under the microscope. This imaginary circle was then compared with 
those on the graticule and assigned to the size group defined on the one hand by the circle 
equal to or larger than itself, and by the next circle smaller, on the other. The cumulative 
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distribution was worked out and the curve plotted on logarithmic-probability paper. In all the 
experiments counts were made, first, to obtain the total number of particles in a sample 
irrespective of their size. These were followed by independent size analysis. With this 
separation, counting and sizing are believed to be more accurate, and certainly they put less 
strain on the observer. Ke 


Characteristics of the Coal-Dust Cloud——Two independent observers carried 
out, respectively, series of 22 and 39 experiments and obtained per gram of dust 
weighed 3,180 and 3,284 particles per cubic centimeter, averaged over the test 
clouds of each series. Their coefficient of variation were 15% and 18%. The actual 
concentrations put up to suit the sampling instruments particular to a given experi- 
ment ranged from 60 to 2,200 per cubic centimeter. 

From the size distribution of the cloud and the mean density of the particles 
it can be shown that 3,200 particles per cubic centimeter per gram of dust weighed 
represents a residue of one seven-hundredth of the weighed amount in the final test 
cloud. Sixty per cent (coefficient of variation, 16%) of the dust remained inside 
the elutriator ; the rest fell to the floor of the chamber during the interval of one 
hour before sampling. 

The constancy of the size distribution is illustrated in Table 1, which gives the 
averages of the measurements of the two independent observers over their respective 


Taste 1.—Particle-Size Distribution of Coal-Dust Test Cloud 


Diameters Below Which the Stated Percentage of the Total Number of 
Particles Was Found (the Coefficients of Variation of the Diameters 
Are Shown in Parentheses) 


Experi- -— 
Observer ments 20% W% 80% 95% 
A 18 1.524 (5.1%) 2.324 (6.4%) (8.1%) 4.62u (8.8%) 
B 16 1.614 (6.0%) 2.38" (4.8%) 3.454 (3.6%) (6.9%) 
A/B 0.944 0.976 0.971 0.921 


series of experiments. The coefficients of variation of the measured diameters are 
also given. 

These data, illustrating the consistency which was attained in dispersing and 
measuring the experimental cloud of coal dust, are derived from thermal-precipitator 
samples. 

Under the microscope many of the particles were seen to be aggregates, as is 
usually the case with air-borne dust. These were sized as single particles because 
impingement dust-sampling instruments are usually employed in relation to health 
risks. Aggregates are likely to be inhaled whole, while the mechanical factors 
deciding their precipitation in the respiratory tract (Davies *°) will be governed by 
the aggregate’s size, shape and density rather than by the properties of the com- 
ponent units. 

An indication of the density of the particles as a function of size was obtained 
by estimating the velocity of their sedimentation in the following way : 
A cloud containing 2,800 particles per cubic centimeter was dispersed, and sampling was com- : 
ea menced immediately, without allowing the customary hour’s settlement. Samples were taken 
on the floor with glass slides which were covered up, one at a time, over a period of six hours. 
There was no fanning of the cloud, which might have caused a loss of particles on the fan 


blades, but natural convection was in progress. It was confirmed that only a negligible number 
of particles deposited on the walls of the chamber. 


15. Davies, C. N.: Inhalation Risk and Particle Size in Dust and Mist, Brit. J. Indust. Med. 
6:245, 1949. 
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Fig. 2.—Sedimentation of coal dust in the chamber. N+ signifies the number of particles 
falling on 1 sq. cm. of a slide exposed up to a given time from the beginning of the experiment. 
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Fig. 3.—Graphs for calculating the rate of fall for different-size groups. 
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Owing to convection, only particles quite near the floor of the chamber will settle out 
steadily through the adjacent film of stagnant air; others are carried about by turbulence. If 
v is the sedimentation velocity for a given size of particle, all those within a distance cd of 
the floor will settle out in a short time interval, 5¢. This distance thus defines an average 
effective thickness of the stagnant layer. If the numerical concentration of particles in the 
air is C per unit volume, the number falling on a unit area of the floor is Cvdt. As a result the 
concentration of particles in the rest of the chamber, where they are mixed by convection, is 
reduced from C to C — 8C. Let h be the height of the chamber. Then the diminution of the 
total number of particles is 4h5C, where A is the horizontal area of the floor and the walls are 


vertical. This must equal the total number which have fallen out so that — Ahb’C = ACv8t. 
Hence, 


dC/dt =— Cr/h 
and C= Co exp (—vt/h), (1) 
in which C, represents the initial concentration at t = 0. 

From this we see that the number of particles falling on 1 sq. cm. of a slide exposed up to 
time (t) from the beginning of the experiment is 


Ne=Coh [1— exp(— vt/h)] (2) 
so that h 
(1 — Nt/Coh)-1 (3) 
and a straight line through the origin having a slope h/v should result when the logarithm in 
Equation 3 is plotted against t. 


Tasie 2.—Data from an Experiment on the Settlement of Coal Dust in an Air Chamber 


Terminal Veloc- Size and Density of Spheres Having 
Particle Size ity Caleulated the Same Terminal Velocity 
Estimated Under from Fig. 4, 
Microscope, Sec. Size, Density, Gm./Ce. 
1-2 0.0075 15 1 
2-4 0.011 3 04 
4-8 0.021-0.048 4-8 0.4-0,25 


8-20 0.039-0,12 8-20 


0.2-0.1 


In Figure 2 the values of N+ are plotted from counts of four particle-size ranges on the 
sedimentation plates. The graphs of Equation 3 are shown on Figure 3. For the finer size 
ranges good straight lines result, but the coarser size ranges are bent. The initial and final 
slopes indicate the velocities of the extreme sizes in each range. The velocities calculated from 
the slopes of the lines on Figure 3 are given in Table 2, which also includes the densities of 
spheres having the same diameters as those measured microscopically and the same rates of fall. 
The density of coal is about 1.4 gm./cc., whereas these air-borne particles are much less dense, 
especially the larger ones. This is a natural result since aggregates are more frequent among 
the larger particles and possess a more open and flocculent structure than unit particles. 


Performance of Impingement Sampling Instruments: Method.—In order to find 
out what proportions of the different sizes of dust particles were collected by a 
certain instrument, comparative samples were taken at the same time with two 
thermal precipitators. The total number of particles per cubic centimeter and also 
the size distributions were estimated with the different instruments, and from a 
comparison of the relative proportions in each size range a graph of the apparent 
efficiency against particle size was constructed. The thermal precipitator itself is not 
a perfect sampling instrument and is being studied separately ; it is, however, con- 
sistent when used correctly, and gives a sufficient indication of dust concentration 
in the range of sizes covered in these experiments. 

Although the test cloud could be dispersed in a fairly reproducible way, it would 
not have been satisfactory to rely on this for assessing the performance of a dust- 
sampling instrument. Hence, in each experiment the two thermal precipitators were 
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used almost simultaneously with the impingement device, which was arranged so 
that its sampling orifice was midway between the precipitator heads, while the 
instruments could be operated from outside the chamber. 
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Fig. 4—Impingement jets: (a) Kotzé konimeter. (b) British konimeter. 


Cm. 
é Fig. 5—Pressure-flow curves for Kotzé konimeter: (a) Flow calculated for jet alone. (b) 
Experimental flow, jet alone. (c) Pressure measured between points 4 and B (Fig. 4a). 


The concentration of dust and the volumes of air sampled were adjusted to give 
as far as possible deposits of the optimum density for counting. If these are too 
sparse, errors due to chance contamination of the slide are significant ; if too heavy, 
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particles tend to overlap. A method of estimating the correction to counts due to 
overlap has been given by Irwin, Armitage and Davies*® and elaborated by 
Armitage.** 

Kotzé Konimeter—The instrument used in these tests was made by Ottway 
and was similar to the original Kotzé design. The jet is illustrated in Figure 4a. 
A 4.71-cc. sample of air is obtained by driving a piston (area, 1.86 sq. cm.) back 
with a spring, the force of which decreases from 820 gm. to 340 gm. in the course 
of the stroke. The jet is 2.8 cm. long and tapered from a diameter of 0.192 cm. at 
the intake end to a minimum of 0.072 cm. slightly before the outlet. The clearance 
between the end of the jet and the plate is 0.095 cm. 

Viscous loss in the jet system accounts for only a small percentage of the pressure 
drop, which is equal to 20 cm. of mercury with a 500-gm. force on the piston. From 
the pressure curve (Fig. 5) it can be seen that this corresponds to an air flow of 
2.7 1./min. or a velocity of about 115 m./sec. in the narrow part of the jet at the 
local temperature and pressure. For this value of the pressure difference the velocity 
calculated from Bernoulli’s theorem, on the assumption that the air obeys the perfect 
gas law and expands adiabatically, comes out to 220 m./sec. The difference may be 


TaBLe 3.—Comparison of Kotzé Konimeter and Thermal Precipitator: Coal Dust 


Particles per Cubic Centimeter 


Konimeter Count 
Bottim ian = ‘Thermal Precipitator Count 

119 f 1.27] With glycerin 

95 1.26 yon 

96 1.19 | konimeter plate 

Mean 1.24 

744 698 336 0.48 With uncoated plate 


Thermal Precipitator 


ny Signifies relative efficiency of collection calculated by ber of particles. 


due to the existence of a contraction of the flow down to a cross section smaller than 
the minimum area of the jet, or to loss of head elsewhere. 


Three experiments ((Ds, Es, Fs) were performed using a thin coating of glycerin jelly on 

the impingement plate to make the particles adhere. The preparation had the following formula: 

Martindale’s microscopic glycerin jelly 

Glycerin 

Distilled water 
A little was applied with the finger and rubbed out to give a very thin film. In experiment D, 
0.0266 gm. of dust was weighed, and for E, and F, 0.020 gm. The dust was dispersed in the 
standard way and 70-cc. and 90-cc. thermal-precipitator samples were taken. About 550 particles 
were counted in the thermal-precipitator samples, nine transverses 70.7 u wide, spaced at 1 mm. 
intervals, being counted on each cover slip. 

The whole of each konimeter spot was counted. They contained from 500 to 700 particles. 
Two thermal-precipitator samples were taken simultaneously, and the konimeter was operated 
in the middle of the sampling period. 

A further experiment was made without using the glycerin jelly. No dust deposit could 
then be seen on the konimeter plate, so the experiment was repeated using 0.205 gm. of dust 
(experiment H,) to give a high concentration. 

The size distributions calculated from the thermal-precipitator and konimeter slides were 
plotted on logarithmic-probability paper, and the total dust counts are compared in Table 3. 


16. Irwin, J. O.; Armitage, P., and Davies, C. N.: Overlapping of Dust Particles on a 
Sampling Plate, Nature 163:809, 1949. 

17. Armitage, P.: An Overlap Problem Arising in Particle Counting, Biometrika 36:257, 
1949. 
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It will be seen that a rather low dust concentration (about 100 particles per cubic centimeter) 
was used with this instrument in the first three experiments as a necessary precaution to ensure 
accurate counting of the konimeter plates. The dust deposit was circular and most of the 600- 
odd particles fell inside a diameter of 0.06 cm. The root mean square diameter of the particles 
was about 2.5 u. 

The ratio of the number of particles on the plate, NV, to the number counted, C, which is less 
owing to overlap, is given by the formula of Irwin, Armitage, and Davies.1® 


N/C =— (A/a C d®) In (1 — We d2/A) (4) 


where 4 is the area covered by particles and d? the mean square diameter taken over all 
particles. This shows that a 3% underestimate of particles due to overlapping was probable in 
these experiments. Higher concentration of dust would cause appreciable error on this account. 

This is, of course, a drawback to the use of the Kotzé konimeter, since higher concentrations 
of particles must often be encountered. A more spread-out deposit would be better. 
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Fig. 6.—Apparent efficiency of the Kotzé konimeter relative to that of the thermal precipitator 
as a function of particle size: (a) Glycerin jelly on the konimeter plate. (b) Uncoated plate. 


The number efficiency of the konimeter relative to that of the thermal precipitator is defined 
as 

No. of particles per cubic centimeter estimated from konimeter samples 
No. of particles per cubic centimeter estimated from thermal precipitator samples 


It is shown in Table 3 to be equal to 1.24 when the glycerin jelly is used and 0.48 with 
plain glass. Thus in the former case the Kotzé konimeter gave, on the average, 124 per cent 
of the thermal-precipitator counts over all sizes of particles. 

In Table 4 18 the percentages of particles counted in each size range are exhibited for all the 
experiments together with the average values for the experiments with and without glycerin 
jelly. 

The efficiency of the konimeter relative to that of the thermal precipitator as a function 
of particle size is obtained for each size range in turn from the ratio of the average total 


18. This table is not included here but has been filed with the American Documentation 
Institute, Washington, D. C., from which a copy may be obtained. For the procedure to be 
used in ordering copies, see footnote to page 354. 
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numbers of particles counted multiplied by the ratio of the percentages counted in the size range. 
The last two lines of Tables 418 (part 1) and 418 (part 2) give the efficiencies, as a function 
of mean particle size, for every size range, according to whether the konimeter was used with or 
without glycerin jelly. 

These results are plotted on Figure 6. When glycerin jelly is used, the Kotzé konimeter 
agrees with the thermal precipitator for particles between 2 # and 9 # in diameter but over- 
estimates the number of smaller particles. With uncoated plates, most of the larger sizes are 
lost, but those below 1 « are still present in excess. The reason for this will be discussed later. 

In Table 518 the distributions by number, volume, and mass of the particles are shown. 
The last two columns are based on the values of the density as a function of particle size, which 
are given in Table 2. Since the error introduced by cubing up the estimated particle sizes 
is quite large, too much significance must not be attached to volume and mass distributions. 
It was not considered worth while to include a shape factor. 


The totals =Nd* and Spnd® below the fifth and eighth columns, when multiplied by 7/6, % 
give, respectively, the volume and mass per 100 particles. The bar over the d in these expres- . 
' sions denotes the average diameter over a particular size group, and the summations are 
carried out over all groups. 


Multiplying the ratio of the numbers per cubic centimeter, counted according to the two 4 
different instruments, by the ratio of the values of =pnd*, we obtain the relative sampling ; 
efficiency in terms of the mass of particles collected. Thus, with glycerin jelly on the koni- : 
meter plate we have y 


Mass of particles pled by koni =1.24x 937.1 


= 


Mass of particles sampled by thermal precipitator 
and with uncoated plates, 
ny = 0.48 X - 0.045 

In the first case, in terms of mass, the recovery of particles is about the same in the koni- 
meter as in the thermal precipitator, although, as we have seen, the size distribution is dis- 
torted and the total number of particles is too great. In the second instance there is only a - & 
5% recovery of mass, whereas the number recovered is 48%. When the uncoated plate is used i 
in the konimeter, it is obvious that most of the particles bounce off and are sucked into the 
pump. Only the smaller particles stick to plain glass. 


gf 


4 British Konimeter—This instrument was made by Watson & Sons and was 
similar to the Zeiss konimeter of 1927 with a built-in microscope. By rotating the 
sampling plate, as many as 30 samples, each from 5 cc. of air, could be accommodated 
and examined with the microscope. Owing to inaccurate construction, it was impos- ' 
sible to center all the dust spots of a series on the optical axis of the microscope and, , 
since no adjustment of individual spots was possible, accurate counting with the 
built-in microscope and sector graticule could not be carried out. A special holder 
was therefore made for the circular plate, which was fitted with a cover slip, so that 
all the particles in each spot could be counted and sized with a bench microscope 
in the usual way. 


The British konimeter had a spring-loaded pump of 5 cc. capacity and a parallel- 
sided tubular jet 1.2 cm. in length and 0.05 cm. in diameter. The jet orifice was 
0.08 cm. from the plate. The impingement system is illustrated in Figure 4b. 
In order to be able to count satisfactorily, it was necessary to keep the dust 
a concentration below about 100 particles per cubic centimeter. This limit depends, 
of course, on particle size. In all the experiments the plate was coated with glycerin 
jelly as in the case of the Kotzé konimeter. 


For experiment H:, 0.049 gm. of dust was weighed, and 90 cc. of air was sampled with the ; 
thermal precipitators. For experiments I,, J:, Ki, and Li, about 0.025 gm. was weighed, and b 
160 cc. of air was taken for each thermal precipitator. Ten konimeter samples were taken at { 
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regular intervals during the sampling period of the two thermal precipitators, which ran 
simultaneously. 

Between 500 and 700 particles were counted on each thermal precipitator for each experiment, 
16 traverses 70.7 u wide, eight on each slip, being taken. Each konimeter spot contained from 
340 to 524 particles in experiment H: and between 112 and 345 in the others. 

There was a regular decrease in the counts of successive deposits on the konimeter plate, 
which is shown in Table 6. This decrease occurred because particles accumulated inside the jet. 
Before each experiment the jet was cleaned out, but it could not be touched between successive 
samples, as the instrument was fixed inside the chamber and was inaccessible. The long, 
narrow, parallel jet is a bad feature in the design of this konimeter. 

The estimates of particle concentration according to the two instruments are given in Table 
7, from which it will be seen that on the average the British konimeter gave only 68% of 
the thermal-precipitator count. 

Size distribution curves were plotted as before (Fig. 7), and Table 8,1° based on the mean 
curves, shows how the relative collecting efficiency depends on the particle size. This konimeter 


TABLE 6.—British Konimeter: Ratio of the Sum of First Five Deposits to the Sum of the 
Last Five in a Single Experiment 


TaBLe 7.—Comparison of British Konimeter and Thermal 


Precipitator: Coal Dust 


Particles per Cubic Centimeter 


Thermal Precipitator British Konimeter ‘ Konimeter Count 
— — y= 
Exper. Top Bottom Mean 1 2 8 4 5 6 7 8 9 1 Mean \ Thermal Preeipitator Count 
. Hi 116 128 122 10 106 .. 87 100 8&8 70 69 68 &1 85 0.70 
Ih 72 74 73 69 58 3 60 .. 48 49 48 44 46 0.72 
Ji 55 60 58 78 47 47 3 37 32 40 0.69 
In 67 63 65 61 S43 .. 41 40 43 37 40 45 0.69 
a 


Mean 0.68 


is very poor as a collector of particles over 1.5 # in comparison with the Kotzé instrument, 
although a film of glycerin-jelly adhesive was also used in this case. In common with the 
Kotzé konimeter, however, the British konimeter deposit contains a large number of fine 
particles which were not present as individuals in the original air-borne cloud. 

Table 9 18 illustrates the mean distribution of the particles in terms of number, volume, and 
mass. From the total in this table we see that 


621.1 
1,362.2 


oe Mass of particles sampled by konimeter 
M™~ Mass of particles sampled by thermal precipitator 


= 0.68 X =0.31 


with glycerin jelly on the plates. No experiments were done with uncoated plates. About 
two-thirds of the particles by weight must get lodged on the walls or the intake of the jet. 
This is a consequence of the bad shape of the nozzle and of its small bore, and could be avoided 
if a jet more on the lines of the original Kotzé one were fitted. 

The jet of the British konimeter is similar to that in the Zeiss konimeter, the manufacture 
of which was arranged by Flugge de Smidt.1® No reason is given in his article for departing 
from the larger, tapering jet of Kotzé. Evidently the choice was unfortunate. 


19. Flugge de Smidt, R. A. A.: A New Konimeter, J. Chem., Metal & Min. Soc. South 
Africa 28:78, 1927. 
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Fig. 7—Apparent efficiency of the British konimeter with glycerin jelly on the collecting 
plate. 
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Fig. 8.—Dust counter slit systems: (a) Owens. (b) Bausch and Lomb. 
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Owens’ Jet Dust Counter —This instrument was made by Casella and has been 
described by Owens.* The slit, which is shown in Figure 8a, was 1 cm. long and 
0.008 cm. wide at the narrowest part. The clearance between slit and plate was 
0.114 cm. 

Air was induced with a hand pump having a 1-in. (2.5-cm.) bore and a 4-in. 
(10-cm.) stroke and a volume of 51 cc. The piston was a leather cup valve. With 
a pull of about 5 Ib. (2.3 kg.) on the pump handle a pressure difference of 33 cm. of 
mercury could be established across the slit. The relation between pressure and 
air flow for the isolated slit as well as for the jet impinging on the glass plate are 
given in Figure 9. At 33 cm. of mercury the air flow is 11.3 1./min., corresponding 
to a velocity in the orifice which must be close to the speed of sound (314 m./sec.). 
Provision is made in the instrument for saturating the dusty air with moisture 
before impingement ; the hand pump draws air into a tube lined with wet blotting 
paper, while the slit is isolated with a two-way tap. Experiments made on a dry 


LITERS 
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Cm. neacaay 
l l 1 l 
Fig. 9.—Pressure-flow curves for Owens’ jet dust counter: (a) Isolated jet, measured. 


(b) Isolated jet, calculated. (c) Pressure difference between air intake and pump cylinder with 
glass plate in position. 


day without moistening the air and with the glass slip uncoated gave no visible 
deposit ; particles, which undoubtedly hit the plate, must have been blown off again 
by the violent air flow. 


Three series of positive experiments were carried out: (1) The instrument was used as 
Owens intended, with uncoated cover slips and with moist blotting paper in the intake tube to 
saturate the air before impingement (experiments S:, Ts, and V2); (2) experiments Bs, Ds, and 
Es were carried out using in addition a film of glycerin jelly on the cover slips; (3) three experi- 
ments (Gs, Is, Ms) were done in which glycerin jelly was employed but humidification was 
dispensed with. 

About 0.1 gm. of dust was weighed and dispersed in the usual way. Two samples on separate 
cover slips were taken with the Owens counter, one before and one after the two thermal-pre- 
cipitator samples, which were simultaneous. It was possible to change the cover slips without 
opening the dust chamber, because only the long intake tube projected inside; the cover-slip 
carrier and pump handle were accessible from without. 

Since the Owens instrument has a slit orifice, a ribbon-shaped dust deposit about 9.2 mm. 
long is obtained. It is not necessary, therefore, to count all the particles as in circular deposits. 
Nine traverses of the ribbon, 70.7 « wide and equally spaced, were counted and factorized, after 
measuring the length of the deposit, in the same way that was used for the thermal precipitator. 
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Between 300 and 900 particles were counted on each slip from the Owens counter and from 
700 to 900 from each thermal precipitator sample. For the latter, 35 cc. of air was withdrawn. 
It was possible to use dust concentrations up to 300 or 400 particles per cubic centimeter 
(root mean square diameter 2.5 #) without excessive overlapping on the glass slip in the 
Owens dust counter. 
In Table 10 the results of the dust counts are shown, and it will be seen that the efficiency 
of collection by number relative to that of the thermal precipitator is as follows: 


1. With water chamber but without glycerin jelly...................... Ny = 0.38 
2. With water chamber and with glycerin Ny = 
3. Without water chamber but with glycerin jelly.....................4 Ny = 0.78 
4. Without water chamber and without glycerin jelly.................... ny = 


Particle-size distributions for each of the three experiments in the series 1, 2, and 3 were 
plotted. From the mean curves, the percentages of particles in all the size ranges are given in 
Table 11,18 where the efficiency of collection as a function of particle size is worked out. These 
curves are plotted in Figure 10. 

We see that in all cases the efficiency of collection above 2 « is very poor, while spuriously 
high catches are again recorded below 1 #. 


Taste 10.—Comparison of Owens’ Jet Dust Counter and Thermal Precipitator: Coal Dust 


Particles per Cubic Centimeter 


‘Thermal Preeipitator Owens’ Counter Owens Count 
Exper. Method Top Bottom Mean 1 2 Mean . #. Coun 

Se With water 287 311 299 14 113 114 0.38 
Te but without 263 236 249 104 97 100 0.40 
Ue glycerin jelly 282 304 293, 112 95 108 0.35 
Mean 0.38 
Bs With water 328 380 354 155 137 146 041 
Ds and with 302 361 331 n2 137 125 0.38 
Es glycerin jelly 298 314 306 144 132 138 0.45 
Mean 0.41 
Gs Without water 349 3H $71 281 206 244 0.66 
Is but with 305 328 317 274 249 0.83 
Ms glycerin jelly 318 376 347 292 303 297 0.86 
Mean 0.78 


When the air is moist, there is a decided reduction in the excess of fine particles, although 
the efficiency still appears to be well over 100%. Again, between 4 » and 9 # the performance 
is decidedly better with moist air than with dry air, although it is still very low. 

The effect of the glycerin-jelly adhesive is small when moistened air is used. 

Finally, in Table 1218 we have the mean distributions of particles by number, volume, and 
mass. From the figures for =*Nd? in this table and the values of 9x deduced above we obtain 
the following figures relating to the efficiency of collection by weight: 


1,004 

1. With water but without glycerin jelly.......... Ny = 0.38 Xion 7 0.24 
713 

2. With water and with glycerin jelly............. Iu = 041 X T5097 = 0.23 
489 

3. Without water but with glycerin jelly.......... Ny = 0.78 X li 0.32 


When water is used to moisten the air before the air passes through the slit, the expansion 
which occurs during the acceleration of the converging air stream lowers the temperature. It 
will be shown later that precipitation of water on the suspended dust takes place at least 1 mm. 
upstream from the orifice. Particles will impinge on the steeply converging walls of the jet at 
an enhanced rate if they become loaded with water, owing to their increased weight. Hence, we 
see why the mass efficiency of this instrument is less when the moisture chamber is used. Clearly 
the slit is too narrow, so that loss of dust impinging on the walls as it approaches the orifice 
is an appreciable source of error. The generally low figures for mass efficiency are due to 
particles being blown off, after impact, by the violent air stream. 
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The efficiency curves (Fig. 10) show that above 4 # the collection of particles is more 
efficient when water is used. This is because the large particles are mainly aggregates which 
when dry get broken up on approaching the orifice. The mechanism of this process will be 
dealt with later. Below 4 u the efficiency is greater when the air is dry. This can be explained 
partly on account of an increase in particles of small sizes at the expense of large, due to 
disaggregation, and partly on account of the smaller loss on the jet wall discussed in the 
preceding paragraph. 


Bausch and Lomb Dust Counter—This instrument, made by the Bausch and 
Lomb Optical Company, is the same in principle as the Owens jet counter but the 
slit is wider and is set closer to the plate (Fig. 8b) and there is a built-in microscope. 
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Fig. 10.—Apparent efficiency of Owens’ jet dust counter: (a) With moisture chamber but 


with cover slips uncoated. (b) With moisture chamber and with cover slips coated with 
glycerin jelly. (c) With no humidification but with coating on cover slips. 


The slit measured 0.6 0.04 cm., and the orifice was 0.05 cm. from the glass 
impingement plate. This was circular, and 12 samples could be deposited in suc- 
cession by rotating the plate. 

A hand pump was fitted for drawing in a sample of 28.3 cc. or 1/1,000 cu. ft. 
The bore was 2.3 cm. and the stroke 6.9 cm. Rubber valves were used in the piston 
and on the inlet to the cylinder, and it was found necessary to check the condition 
of these from time to time. A pull of 4 Ib. (1.8 kg.) on the pump could give a 
pressure difference of 25 cm. of mercury across the slit. In Figure 11 the pressure- 
flow curves for the slit alone, and for the slit and glass plate together, are shown. 
When the jet strikes the plate, a reduction of flow occurs for a given pressure differ- 
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ence. At 25 cm. of mercury the air flow is 23 1./min., corresponding to a velocity 


at the orifice of about 200 m./sec. Owing to the large size of the slit, such a high 
velocity, if attained, would be only momentary. 

A moisture chamber was provided in this instrument and was filled with a 
rubber bulb prior to taking the pump stroke. 

A paper by Gurney, Williams, and Meigs *° on the Bausch and Lomb dust 
counter contains curves of the pressure variation during pump strokes and half 
strokes. Their pressures seem low, perhaps owing to time lag in the recorder. All 
the present samples were taken with full strokes. 


Four series of experiments were carried out: (1) experiments O,, P:, and Qu, in the manner 4 
recommended by the manufacturers, with moist blotting paper lining the moisture chamber and 4 
with uncoated glass plate; (2) experiments V:, W:, and Z:, in the same way as in the previous f 
case, but the plate was coated with glycerin jelly; (3) experiments T: and Y:, with glycerin q 
jelly but without moist blotting paper, and (4) experiments R:, S:, and X:, without glycerin \ 
jelly and without humidification. 


Livers 


20+ 


Ca. 
Fig. 11.—Pressure-flow curves for Bausch and Lomb dust counter: (a) Isolated jet, calcu- 


lated. (b) Isolated jet, measured. (c) Pressure difference measured between inlet tube and 4 
pump cylinder with plate in position. ’ 


The weight of dust used in each experiment was either about 0.05 gm. or about 0.1 gm. 
Concentrations exceeding 300 particles per cubic centimeter could not be counted accurately. If 
the slit of the instrument was not cleaned each time, the traces were found to include patches of 4 
high concentration due to dust blown off the sides of the slit. It was found best to clean the jet q 
by drawing air through it. 

The thermal precipitator sampled 70 cc. in 10 min. During this period 10 Bausch and Lomb ! 
samples of one pump each were taken at one-minute intervals. The glass plate was rotated y 
between each two samples so that 10 separate deposits were obtained. 

In counting, eight equidistant traverses 70.7 “ wide were taken on each thermal precipitator 
slip and five on each Bausch and Lomb deposit. 

As with the British konimeter, a steady decrease in the count was noticed when taking the 

10 successive samples. The effect was much smaller, however, owing to the larger jet, and is 
demonstrated in Table 13. 
a Counts were made using the built-in microscope (200) with dark-ground illumination. 
Then the sampling plate was removed, a cover slip was fitted and counts were made with the 
bench microscope (600) as usual. The latter were used for. calculating the efficiency of 
sampling. 


20. Gurney, S. W.; Williams, C. R., and Meigs, R. R.: Investigation of the Characteristics 
of the Bausch and Lomb Dust Counter, J. Indust. Hyg. & Toxicol. 20:24, 1938. 
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The standard error of the count on a single deposit in the Bausch and Lomb instrument was 
just over 10.5% whether performed with the bench microscope or with the built-in one. The 
latter counted about 10% fewer particles however. This was partly because the eyepiece graticule 
had very coarse wires, which obscured a proportion of the deposit, and partly because the 
deposit extended beyond the field of the microscope. It was found that when finer particles were 
sampled the error due to the second cause was much greater. It should also be mentioned that 
it is not possible to get an accurate size distribution with dark-ground illumination. 


Taste 13.—Bausch and Lomb Dust Counter: Ratio of the Sum of the First Five Deposits to 
the Sum of the Last Five in a Single Experiment 


With water but without 
glycerin jelly 


With water and with 
glycerin jelly 


Without water but with 
glycerin jelly 


Without water and with- 
out glycerin jelly 


Mean ratio 1.103 
(Standard deviation 0.111) 


TasLe 14.—Comparison of Bausch and Lomb Dust Counter and Thermal Precipitator 
(All Counts Made by Bench Microscope): Coal Dust 


Particles per Cubie Centimeter 


Thermal Precipitator Bausch and Lomb . B. & L. t 
‘Top Bott Ix = Count 
Series Exper. Top Bottom Mean 1 | ie ee 5 6 7 8 9 10 Mean ote 
1 With water O1 320 294 307 «206 «211 161 187 198 179 161 215 158 ... 18 
but without Pi 3 


13 299 306 «185 208 196 158 183 144 177 164 167 161 174 
glycerin jelly 303 ows 


2 With water Vi 
and with Wi 
glycerin jelly 


3 Withoutwater Ti 
but with 
glycerin jelly Yi 


4 Withoutwater Ri 
and without Si 
glycerin jelly Xi 


BBE 888 


The results of the particle counts are summarized in Table 14, from which the efficiency of 


collection according to the number of particles comes out as follows: 


1. With water chamber but without glycerin jelly............c-.esceeee Ny = 0.59 
2. With water chamber and with glycerin jelly...........cccceceeecsenee Ny = 0.94 
8. Without water chamber but with glycerin jelly................esee0s Ny = 1.06 


4. Without water chamber and without glycerin jelly................. 


In contrast with the behavior of the Owens counter the collection efficiency of the Bausch 
and Lomb instrument is substantially increased by glycerin jelly even when water is used. 
However, water suppresses the production of an excess of fine dust, and the low figure, without 
glycerin jelly, is due to lack of coarse particles. These were missing from the Owens record to 


Series Exper. Ratio 
Q 0.915 
: Wi 1.083 
= Zi 0.928 
Ui 1.100 
1.338 
1.191 
Xi 1.176 
0.587 
Mean 0.587 ! 
big 316 331 277 2056 284 292 300 286 270 277 303 286 287 0.868 = 
2 348 333 342 292 330 306 348 292 336 282 316 268 311 0.934 me =. Fs 
a 213 205 208 211 186 195 198 242 181 210 219 224 27 1.010 rae ae, 
— 
Mean 0.987 
362 349 «464408 369 356 380 332 367 330 333 341 296 3651 1.004 
a 180 174 201 212 159 222 171 144 209 164 185 ... 185 1,063 oi Be 
- 184 185 220 264 298 257 232 188 188 192 151 177 208 1.124 a 
:: 330 337 334 351 258 256 258 264 242 247 263 237 271 0.804 t a 
os 308 298 270 243 217 231 227 208 216 180 199 ... 221 0.742 _ 
af 199 200 178 19% 195 168 193 166 146 178 143 15% 171 0.855 a mit 
ine 
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a greater extent than from the Bausch and Lomb. Probably, therefore, large particles, even 
when moist, do not stick adequately to uncoated glass, though they clearly adhere both to plain 
and coated glass much better in this instrument because of the lower air speed. 

Similarly, when an adhesive is used, the effect of humidification is to cause only a slight 
reduction in the count. Against the loss of spurious fine dust is set the gain of large particles. 

Quite a high count is found in series 4; the blast from the jet is not so strong as in the 
Owens counter and does not blow off the finer particles. 

Particle-size distribution for each of the three experiments in Series 1, 2, 3, and 4 were 
plotted. From the mean values of the experimental points the percentages of particles in the 
various size ranges have been deduced and are given in Table 15,18 where the efficiency of 
collection as a function of particle size is also shown. These curves are plotted in Figure 12. 


EFFICIENCY 
= 


DIAMETER 


10x 


Fig. 12—Apparent efficiency of Bausch and Lomb dust counter relative to thermal precipi- 
tator as a function of particle size: (@) With moisture chamber but with plate uncoated. (b) 
With moisture chamber and with glycerin jelly on the plate. (c) Without humidification but 
with glycerin jelly on the plate. (d) Without humidification and without glycerin jelly. 


When the air drawn in is humidified and a coating of glycerin jelly is spread on the 
impingement plate, the efficiency of collection is near to 100% over the whole range of sizes 
covered. If, however, glycerin jelly is not employed, there is a steady decrease in collection 
efficiency as particle size increases from 1 “ upwards. 

If water is not used, spuriously high counts of particles below 2 4 result and there is a 
deficiency of large particles, especially in the absence of the glycerin jelly film. 

This feature recalls the behavior of the other instruments. The fact that it is possible to 
obtain a good yield of coarse particles with the Bausch and Lomb instrument, in contrast with 
Owens counter and the British konimeter, is obviously due to the large size and streamlined 
intake of the slit, coupled with its lower air velocity, which causes the detachment of fewer 
particles after impact. 
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In Table 1618 the mean distribution of particles by number, volume, and mass is set out. 
From the values Spnd® in this table and the values of 7x given above, the relative efficiencies 
of collection by weight came out as follows. 


1. With water but without glycerin jelly.............+.+ 


1,358 


2. With water and with glycerin jelly...........0.eee00e Ny = 0.94 X 1.328 


= 0.96 


3. Without water but with glycerin jelly. 


4. Without water and without glycerin jelly............. 


If these results are taken in conjunction with the preceding data, the performance of the 
Bausch and Lomb dust counter can be summed up as follows: When the air is humidified and 
the glass impingement plate is coated with a film of glycerin jelly, the instrument agrees closely 
with the thermal precipitator; perhaps it is even a little better for the coarser particles. If the 
glycerin jelly film is omitted, the mass efficiency falls to 42% (for this particular cloud of coal 
dust), owing to the bouncing-off of large particles from the plate. The large slit is a vital 
feature in getting a good record of large particles, with glycerin jelly, and the error due to 
impingement on the sides of the jet, which is appreciable in the Owens counter, is evidently 
negligible in this case. Fitting a more powerful source of suction would naturally increase this 
error. 

If, alternatively, we refrain from using humidification, a distortion of the size distribution 
results, because large particles disappear and an excess of small ones is created. This is due to 
the break-up of aggregates while the air is passing through the slit and will be discussed later 
(Section II1). It is not caused merely by the shattering of particles on impact, because the 
effect is nearly as bad with glycerin jelly as with uncoated plates, because it is eliminated by 
humidification and because with glycerin jelly on the plate the results of such a process would 
be obvious under the microscope. The water which condenses on the aggregates holds them 
together by surface tension and prevents disruption by aerodynamic viscous forces. 

The appearance of the particles under the microscope illustrated this point. The aggregates 
from the thermal precipitator trace were loose and irregular. Those in the Bausch and Lomb 
sample taken with humidification in the moisture chamber had been drawn into more compact 
shapes, owing to the surface tension of the precipitated water, while aggregates were quite 
te A infrequent when the moisture chamber was not lined with wet blotting paper. 

When glycerin jelly is spread on the plate, the use of water raises the mass efficiency from 
75% to 96%. This must be because of improved adhesion of coarse particles. 


Cascade Impactor—This instrument has been described by May.* It was 
designed to take a sample from a cloud of particles produced by the explosion of a 
bomb or a shell some distance upwind of the sampling point. The cloud, spread to 
some extent by turbulent diffusion, was wafted past the instrument in a short time, 
so that a high rate of aspiration was necessary to ensure the deposition of an ade- 
quate amount of material. This is a disadvantage in dust sampling from a fairly 
static atmosphere. Unless impossibly brief periods of aspiration are used, the plates 
become overloaded with deposit. First of all, this makes microscopic counting 
impossible, and ultimately it results in particles getting blown off the plates, so 
that concentrations and size distributions obtained by other methods of analysis 
are seriously in error. 

To overcome this difficulty a special instrument was made and lent to us by May. 
Its sampling plates were moved in their own planes by rack-and-pinion mechanisms 
coupled by chain and sprocket, so that the dust deposit was spread out and the area 
density of particles diminished. 


The jets of this instrument had the same shapes and the same clearances respect- 
ing the impingement plates as those of the original model, but their sizes differed 


| 1,043 
= 0.59 X = 0.42 
Ny = 0.59 X 1,460 0 
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slightly and a fifth impaction stage was also incorporated. The sizes are given in 
Table 17, and a diagram of the sections is given in Figure 13a drawn to the same 


TaBLe 17.—Cascade Impactor (Moving-Plate Model Used for Coal-Dust Experiments): 
Data Concerning the Jets 


Jet Jet Jet Jet Jet 
1 2 3 4 5 
MM. 19 X 5.5 4x2 14 X 0.75 14 X 0.27 10 X 0.14 
Area, Sq. CM, ........ 1.04 0.28 0.105 0.088 0.014 
Air speed in throat, 
2.57 9.52 38.1 105 314 


7 7 7 7 


mm. 

\ 


@) (¢) 


Fig. 13.—Impingement jets: (a) Cascade impactor. (b) Midget impinger. 


scale as those for the other instruments. The air speeds, corrected for local tem- 
perature and pressure in the case of Jet 5, are also given in the table. In working 
these out a contraction ratio of 2:3 was allowed for in jets 3, 4, and 5. 

In our experiments the plates were driven by a synchronous motor at about 
0.2 cm./sec., the first plate moving at twice this speed. Owing to the high rate of 
suction (16 1./min.), it was necessary to restrict the sampling period to 15 sec. The 
air pump was kept drawing air through a nozzle whose resistance was equal to that 
of the cascade impactor ; when a sample was required, the aspiration was switched 
over, practically instantaneously, by a pair of wide-bore taps and then off again, 
similarly, so that the volume taken out of the chamber was known accurately and 
was withdrawn at a constant rate. 
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It was impossible to clean the inside of the impactor well enough to avoid the 
collection of numerous particles of foreign matter. This difficulty was overcome by 
immersing it in a 1% solution of engine oil in benzene before use. The film of oil 
left after evaporation of the solvent prevented dust from blowing about inside. 


In all the experiments 0.05 gm. of coal dust was weighed and 35 cc. samples were taken with 
two thermal precipitators simultaneously at 7 cc./min. The 4-l. cascade-impactor sample was 
withdrawn at half-time. 


No deposit was found on the first plate, since all the coal dust was fine enough to escape 
impaction. The fifth plate carried a very large number of fine particles which were not present 
in the original cloud and came from aggregates which had been broken up while traversing the 
preceding jets. The fifth jet, therefore, gave no important information about the dust cloud. It 
was also troublesome to use, owing to its high resistance and the irregularity of the trace. This 
jet was therefore discarded after preliminary trials, and the second, third, and fourth were 
assessed quantitatively. 

Experiments were made with plates coated with glycerin jelly (Le and Mz) and also with 
uncoated plates (Qz). Coating with a solution of resin and castor oil in benzene was also tried, 


TABLE 18.—Comparison of the Cascade Impactor and the Thermal Precipitator: Coal Dust 


Particles per Cubic Centimeter 


Cascade Impactor Cascade Im- 


. 90.3 227 1.51 
154 150 152 86.2 26 1.44 


Thermal Precipitator 


Exper. Observer Top Bottom Mean 


Le: Glycerin jelly { 146 153 150 
on plates 


on plates 


é 
Me: Glycerin jelly { 212 213 


201 
Mean 1.38 
Q2: Uncoated 181 204 193 . 2.16 
plates Cc 184 2.00 


Mean 2.08 


but the sticky film left after evaporation of the benzene wetted the particles so that aggregates 
opened up and spread on the plates. Counting these was very uncertain, and this mixture was 
abandoned. 


Since the counting and the sizing of the samples had, in this case, to be carried out with 
relatively inexperienced observers, all determinations were duplicated by two people working 
independently. The final averages are taken over both. 

Table 18 contains the estimates of the numbers of particles per cubic centimeter. The cascade 
impactor gave, on the average, 138% or 208% of the thermal precipitator count according as 
glycerin jelly adhesive was applied or not. The proportions on the different impactor plates 
are also given. 

Particle-size distributions for the three experiments were determined by the two observers. 
From the mean curves the percentages occurring in the various sizes have been plotted and 
tabulated in Table 19.18 This also shows the calculation of the relative efficiencies of collection. 
Graphs of the efficiency as a function of particle size are plotted in Figure 14. 


When glycerin jelly is used, the cascade impactor agrees closely with the thermal precipitator 
down to 2 # but, as would be anticipated, gives a high count of fine particles. With uncoated 
plates there is a loss of particles in the larger sizes, which bounce off. Some of the fragments are 
caught on the fourth plate and account for the high number efficiency when glycerin jelly is 
not applied. 


It is not possible to humidify the air in this instrument, owing to the large volume which 
is drawn in. 
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Table 201* contains the particle size distributions by number, volume, and mass from which 
we calculate the mass efficiencies as follows: 


1. With glycerin jelly on the cascade-impactor plates 1,199 _ 


1,660 1.0 


2. With uncoated plates 


The loss of particles is negligible relative to the thermal precipitator in terms of mass 
when the plates are sticky, but when they are uncoated some 40% of the dust is sucked out 
of the back. 

The cascade impactor was difficult to use. Cleaning was troublesome; the plates were 


awkward to load, and the operations of getting and assessing a sample involved far more work 
than in the case of the Bausch and Lomb dust counter. 
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Fig. 14—Apparent efficiency of cascade impactor ; sum of all plates: (a) Plates coated with 
glycerin jelly. (b) Uncoated plates. 


United States Bureau of Mines Midget Impinger.—This instrument is a modi- 
fication of the Greenburg and Smith impinger * and has been described by Little- 
field and Schrenk.** A sample is taken at 0.1 cu. ft./min. with a hand-operated 
four-cylinder radial pump and impinged from a circular glass jet 1 mm. in diameter 
(Fig. 136). The air velocity is 70 m./sec., and impingement takes place on the flat 
bottom of a tube 4 mm. below the orifice. The tube contains sufficient alcohol to 


21. Littlefield, J. B., and Schrenk, H. H.: Bureau of Mines Midget Impinger for Dust 


Sampling, R. I. 3360, United States Department of the Interior, Bureau of Mines, 1937; also 
R. I. 3387, 1938. 
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cover the jet. A pressure difference of 12 in. (30.5 cm.) of water is maintained 
by the pump. l 

After the dust has been collected in the alcohol, the suspension is made up to a 
known volume, and a portion of it is transferred to a cell 1 mm. deep, covered 
with a glass slip; the dust particles in it are then counted under a magnification of 
x 100 with dark-ground illumination. The count can be made either at once, while 
the majority of the particles are in suspension, or after they have reached the bottom 
of the cell. In the latter case Brownian motion and convection cause no difficulty. 
It is impossible to use light-field illumination and a higher-power objective, so that 
the size distribution can be measured, since the depth of cell and cover slip exceed 
the working distance of a high-power objective. 


Alternatively, the particles can be allowed to settle and the cover slip moved 
cautiously a little to one side so as to allow the alcohol to evaporate. When dry, a 
small, thin cover slip can be placed on the bottom of the cell and a high-power 
microscopic examination carried out. The deposit obtained in this way was not 
very uniform. 

It was found necessary to use a copper sulfate cell when the particles were 
examined in suspension, to cut down the heat from the light source. Blank counts 
were done on pure alcohol, and a small correction was applied for stray particles 
in this. 

An experiment was carried out with this apparatus in comparison with the thermal pre- 
cipitators. Thirty-five hundredths gram of dust was weighed, and 21-cc. samples were taken for 


each thermal precipitator. The midget impinger was operated in the middle of the sampling 
time and took 2.8 1. of air. 


The dust concentration according to the two thermal precipitators was 1,005 and 1,039 
particles per cubic centimeter. Midget-impinger counts varied between 5,500 and 8,200. This 
was because the coal-dust aggregates originally present in the air, which were deposited entire 
on the thermal precipitator cover slips, were completely broken up into their component units by 
impingement under alcohol. The information given by the midget impinger therefore bears little 
relation to the original air-borne cloud for dusts like the one used in these experiments and 
might give a false impression of the health risk liable to arise from its inhalation. 

No further experiments were made with this apparatus. 


General Conclusions Concerning the Impingement of Coal Dust.—The over-all 
collection efficiencies of the different instruments by number and by mass are 
gathered together, for all conditions, in Table 21, which also includes some infor- 
mation about the jets. 

Consider first the performance when air of low or moderate humidity is used. 

With uncoated plates the cascade impactor has an over-all efficiency of 208% by 
number ; large aggregates are broken up by impact with the second and third plates, 
and some of the fragments are blown off to deposit on the fourth. The efficiency 
is greater than that of the other instruments on account of the series of jets. There 
is not so much break-up and blowing-off of particles, because of the more gentle 
impact with Plates 2 and 3, as there would be if the intake were to lead directly 
to Plate 4. The Owens counter showed no appreciable trace, since the high-speed 
jet blew all the particles off the uncoated glass. The Bausch and Lomb counter was 
better than the Kotzé konimeter, recovering 25% by mass against 4.5%. 


With an adhesive on the plates, however, the Kotzé retains 110% by mass 
against 75% retained by the Bausch and Lomb. 
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A deficit in mass recovered may be due either to penetration of the impingement 
system or else to loss of particles which, on the way in, strike the walls of the jet. 
The former explanation includes particles which are too light ever to strike the plate, 
and, also, those which strike and bounce off again. With or without an adhesive 


on the plate, rebounding increases with the air speed of the jet and is greater for 
coarse particles. 


We cannot explain the lower recovery of the Bausch and Lomb counter by wall 
collisions, because when water is used the mass efficiency rises from 75% to 96%. 
Humidification would raise the frequency of wall collisions, were it to influence this, 
because the inertia of the particles is increased when water is condensed on them. 
Furthermore, moist particles would stick to the walls better than dry. 

The loss must therefore result from penetration due to lack of adhesion, and it 


is worse for the Bausch and Lomb counter than for the Kotzé konimeter, because 
the former has a higher jet speed. 


TABLE 21.—Comparison of Dust Sampling Instruments 


Efficiency of Collection of Standard Coal-Dust Cloud 
By Number By Mass 
A 


oy Dry Air Wet Air Dry Air Wet Air 
With- With- With- With- mum 
y With out With out With out With out Air 
it Glye. Glye. Glye. Glye. Glyc. Glye. Glye. Glye. Speed, Minimum Area 
} ' Instrument Jel. Jel. Jel. Jel. Jel. Jel. Jel Jel. M./Sec. of Jet, Sq. Cm. 
' | Owens’ counter 0.78 0 0.41 0.38 0.32 0 0.28 0.24 314 0.008 em. X 1 em. = 0.008 
British 
konimeter 0.68 dane 0.31 eee 0.05 em. diam. = 0.00196 
Kotzé 
konimeter 1.24 0.48 ona 11 0.045 125 0.072 em. diam. = 0.00407 
Bauseh & Lomb 
counter 1.06 0.80 0.94 0.59 0.75 0.25 0.96 0.42 200 0.04 em. X 0.6 em. = 0.024 
Caseade 
impactor 1.38 2.08 wide Kose 1.0 0.62 105 0.027 em. X 1.4.em. = 0.088 


All the impingement instruments when used dry give high counts of fine 

particles, most of which were not present in the original cloud but were produced 

from the disintegration of large aggregates that were passing through the jet. 
Disaggregation was less in the Kotzé, because of the lower air speed and the 


gradual taper of the wide-bore jet (see Section III). With glycerin jelly, loss of 
mass by penetration was negligible. 


When no glycerin jelly is applied, only the finest particles which strike the plate 
will adhere to it. The drag of air on a particle sticking to the plate is greater for a 
large one, while the area of contact over which the Van de Waals molecular forces 
of adhesion can operate is almost independent of particle size. Since the Bausch 
and Lomb counter produces more fine dust by disaggregation, it is possible to under- 
stand how its mass and number efficiencies exceed those of the Kotzé konimeter 
with uncoated plates. 

The Owens counter and the British konimeter have both low mass efficiencies 
and low over-all number efficiencies in spite of the high results below 1.5 p. Wall 
loss in the jets partly accounts for this, as can readily be appreciated by comparing 
the scale drawings of jet sections (Figs. 4, 8, and 13). The slit of the Owens counter 
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is extremely narrow, while the British konimeter has a blunt entry to a long, nar- 
row, parallel tube. Rebounding of particles is a major factor in the Owens counter 
because of the high air speed. 

Humidification of the inspired air was possible with the Bausch and Lomb and 
the Owens instruments. In both it brought about a decrease in the over-all number 
efficiency by suppressing fine dust, but it increased the mass efficiency of the Bausch 
and Lomb while decreasing it for the Owens. 

. This is in agreement with the previous conclusions. Disaggregation is reduced 
by condensation of water, so the count of fine particles is decreased. Wall loss, an 
important factor in the Owens instrument, is increased; this affects the coarser 
particles, so that the mass recovered goes down. Glycerin jelly made no difference 
in the Owens, because large particles were absent, or blew away anyhow, and small 
ones adhered satisfactorily when wet. 

The Bausch and Lomb performance was improved by glycerin jelly. Large 
particles were passing through the jet all right when the air was moist, and they 
were wet enough to remain intact, but adhesion to the plate was inadequate. Glycerin 


TaBLe 22.—Comparison of Owens’ Counter and Thermal Precipitator: Quartz Dust 


Particles per Cubic Centimeter 


Thermal Precipitator Owens’ Counter Owens Count 
n 
Exper. Top Bottom Mean 2 Mean T.P. Count 
Es 3,196 3,271 3,234 480 552 516 0.160 
Fe 3,008 3,034 3,021 484 574 525 0.174 
Is 2,174 2,113 2,144 576 626 601 0.280 


jelly gave a bigger increase in mass recovery than water; the best thing was to use 
both together, which gave 96% mass efficiency. 

It is important to remember that these results are specific in a quantitative 
sense only to the special, rather fine, cloud of coal dust generated for the experi- 
ments. The air-borne dust of coal mines commonly contains coarser particles and 
aggregates, so that the effects of disaggregation might be even more marked. 


Il. PERFORMANCE OF INSTRUMENTS WITH QUARTZ DUST 


The Cloud of Quartz Dust.—The air-borne clouds were produced from silica, 
grade D. R. C., supplied by Colin Stewart Ltd., Winsford, Cheshire, England. This 
required no grinding or sieving. 


From 0.1 to 0.15 gm. was weighed and dispersed through the elutriator in a manner precisely 
the same as that employed with coal dust. Instead of the elutriator feeding straight into the 
chamber, however, the effluent was passed through a sintered-glass filter, 1 in. in diameter, 
having pores about 100 » in diameter. The filter was washed out with alcohol after use on 
each occasion. It kept out practically all aggregates, and the cloud entering the chamber 
consisted mainly of individual particles. 

After blowing the dust in at 3 1./min. for five minutes the air was stopped, and the cloud 
was fanned slowly for a further minute. Sampling then followed. 

A calculation based on the number of particles per cubic centimeter and the mean mass 
diameter showed that only 1 part in 22,000,000 of the quantity of dust originally weighed became 
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air-borne in the chamber. It is perhaps not surprising, in view of this, that these clouds could 
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not be reproduced with the same consistency that had been observed with coal dust. Counting 
and sizing were also more difficult, since the particle size was so small as to necessitate the 
employment of a 2-mm. oil-immersion objective. The May eyepiece graticule was used as 
before. : 

Owens Jet Dust Counter—For all the experiments with quartz dust the intake tube of the 
Owens counter was lined with wet blotting paper so as to saturate the air with moisture. It is 
not practicable to use glycerin jelly or other adhesive when fine particles have to be examined 
with a 2-mm. objective. 


FFFICIENCY 


T 


T 


Quarrz 


DIAMETER 


/ 4 Ss Gu 


Fig. 15—Apparent efficiency of Owens counter with moist air and uncoated cover slips. 


Two thermal precipitators were worked simultaneously, withdrawing 35 cc. samples, and two 
samples were taken with the Owens, as in the case of coal dust, in the middle of the period. 
The usual counting and sizing technique was adopted, and the results are given in Table 22. 


It will be seen that the number collected by the Owens counter was only about 
20% of the thermal-precipitator total. In each case the second Owens sample con- 
tained rather more particles than the first, but the reason for this is unknown. 

Particle-size distributions obtained in the three experiments were plotted, and 
in Table 23 '* the size-distribution data are employed to work out the efficiency of 
collection as a function of particle size. This curve is plotted in Figure 15. The 
mean distributions of particle size by number and mass are given in Table 24.'* It 
was assumed in the case of quartz dust that the density of particles was independent 
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of their size, as the cloud contained few aggregates. The bulk density of the dust 
was 2.6 gm./cc. 
The efficiency of collection by mass is equal to 


97.53 
0.21 X 0.14 


which is even less than the figure for coal dust (0.24). 

It will be shown in the last two sections of this paper that even for the fine 
particles of dust used in these experiments a high percentage recovery in terms of 
mass is theoretically possible with the Owens jet system. It is therefore clear that 
such a low figure as 14% can be explained only by the blowing away of the major 
part of the deposit. An interesting feature of the curve in Figure 15 is its rise 
below 1 » up to over 30% at 0.2 ». This might be connected with the improved 
adhesion of the smaller sizes, but it was noticed that many of the larger particles on 
the sampling slip were cracked into several pieces which lay close together in a 
group. 

It is believed that in this instance genuine fracture was taking place under the 
force of impact, in contrast to the aerial disaggregation of coal dust which gave rise 
to so much higher relative counts in the observations described in Section I. 


Tasie 25.—Comparison of Bausch and Lomb Counter and Thermal Precipitator: Quartz Dust 


Particles per Cubie Centimeter 


Thermal Pree!pitator Bauseh and Lomb B. & L. Count 

eo = T P Count 
Exper. Top Bottom Mean 1 2 3 4 Mean ead 
Me 2,125 2,214 2,170 313 397 ay 355 0.164 
Ne 2,567 2,106 2,887 473 342 280 252 387 0.146 
es Os 3,544 3,439 3,492 820 545 408 470 560 0.160 
3 Mean 0.157 


i This view is in agreement with the experimental work of Silverman and Frank- 
lin,?* who found evidence of shattering in Greenburg-Smith and midget impingers : 
at velocities greater than about 200 m./sec. At normal speeds there was no appreci- 
able shattering of glass spheres or of quartz dust having median particle sizes equal 
to 2.5 pw. é 

Previous references to shattering are discussed by these authors, among which 
is the observation that wet impingement is less prone to shatter particles than dry. 

For the sake of comparison, the curve for coal dust, using moist air and uncoated 
cover slips, from Figure 10, is also plotted in Figure 15. The difference between 
quartz and coal in the 2 » — 4 » range is not marked and may be due partly to 
poorer adhesion of quartz particles and partly to the production of a certain amount 
of coal dust in this range from the aerial disaggregation of coarse aggregates. Below 
2 , however, the divergence is considerable, the coal dust curve being entirely domi- 
nated by the mass of fine dust originating from aggregates which were not present 
in the quartz cloud. 


Bausch and Lomb Dust Counter —This instrument was also used with moist air 
and uncoated plates, the procedure being similar to that employed previously. The 
results of comparative particle counts are given in Table 25, which shows that the 


22. Silverman, L., and Franklin, W.: 
Hyg. & Toxicol. 24:80, 1942. 
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Bausch and Lomb collected only 15.7% of the number of particles counted by 
thermal precipitator. 

The particle-size distributions were plotted, and in Table 26 '* the size data are 
used to work out relative efficiency as a function of particle size. The curve is plotted 
in Figure 16, which also carries the coal-dust curve from Table 15 ** for comparison. 
The particle-size distributions by number and by mass are given in Table 27.'* 

The efficiency of collection by mass is 


247.57 
124.09 


This is only a little less than the mass efficiency with coal dust (0.42) and is better 


0.157 X = 0.31 


(007, 7 1 
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; Fig. 16.—Apparent efficiency of Bausch and Lomb dust counter with moist air and uncoated 
plate. 


than the Owens counter could do for quartz, in spite of its higher impingement 
velocity. 

With the Bausch and Lomb, unlike the Owens, efficiency of impingement 
decreases with particle size below 2 », as would be expected. Confirmation is there- 
fore obtained that the rising curve found for the Owens was not a question of 
particles adhering to the plate, and it is evident, in agreement with the results of 
Silverman and Franklin,** that a velocity which is below 200 m./sec. (cf. page 369) 
does not cause fine quartz particles to fracture on impact. 

Comparing the curves in Figure 16, we find, as with the Owens, that they are 
fairly close in the 2 » — 4 w range, with the performance rather poorer for quartz. 
Probably, as previously suggested, this is a matter of adhesion. The substantially 
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better results with the Bausch and Lomb, in comparison with the Owens, in this 
region must also be due to the same cause. 

A high velocity, while favoring impingement of very fine particles, has draw- 
backs associated with it in the shape of disaggregation, fracture, and blowing-off 


of particles. 

United States Bureau of Mines Midget Impinger.—The midget impinger was 
tested for sampling quartz dust in the same way as for sampling coal dust (see Sec- 
tion I under the same heading). 


Three-minute samples (21 cc.) were taken simultaneously with two thermal precipitators, and 
five-minute samples, embracing this period, with the impinger. About 0.25 gm. of dust was 
weighed. The impinger liquid was made up to 15 cc. before charging the counting cell with 
a pipet. 

After the cell was filled, it was allowed to stand for about three hours while the particles 
settled to the bottom, after which the particles were counted under dark-ground illumination, 
with a %-in. (17-mm.) objective and a x4 eyepiece. The alcohol in the cell was then allowed 
to evaporate, a cover slip was laid in the bottom of the cell, and the size distribution of the 
particles was determined under the 2-mm. oil-immersion objective and X15 eyepiece, with 
bright-field illumination. 

Blank counts were carried out on cells filled with alcohol from another impinger tube which 
were treated in the same way as the dust sample. From these, corrections were applied for stray 


TABLE 28.—Comparison of Midget Impinger and Thermal Precipitator: Quartz Dust 


Particles per Cubie Centimeter 


Therma! Precipitator M. L. Count 
Midget 
Exper. Top Bottom Mean Impinger T. P. Count 
We 3,576 3,512 3,549 2,450 0.692 
bd Xe 2,340 3,200 2,770 1,668 0.604 
Ye 3,260 evcce 3,260 1,918 0.588 


Mean = 0.628 


particles, which ranged between 11 and 14%. 
glass disk (pores, 1.5 #) before use. 


The alcohol was filtered through a fine sintered 


In Table 28 the numbers of particles counted by the thermal precipitator and 
the midget impinger are compared, and we see that the average relative efficiency 
of the latter is 63%. The particle-size distributions were plotted, and in Table 29 ** 
the figures are used to deduce the sampling efficiency as a function of particle size. 
This curve is plotted on Figure 17. The cumulative distributions according to 
number and mass are shown in Table 30,'* from which it follows that the efficiency 
of collection by mass is equal to 


182.5 
0.63 X 739.0 


The midget impinger traps quartz dust very effectively for particles between 4 » 
and 0.8 » in diameter, but below that its efficiency rapidly deteriorates. This is 
evidently a matter of the impingement velocity being too small to cause the small 
sizes to strike against the bottom of the tube. In agreement with the work of Silver- 
man and Franklin,”* the velocity of 70 m./sec. is insufficient to shatter quartz par- 
ticles of the sizes used in these experiments. 

Kotzé Konimeter—It was not possible to humidify the air in this instrument, 
nor could glycerin jelly be used on the plate to assist the adhesion of the particles, 
because this would have made accurate microscopic work impossible with such small 
transparent particles. 
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An experiment was carried out, weighing 0.15 gm. of quartz dust, with the result 
that only a few odd particles could be detected on the uncoated plate of the koni- 
} meter. Clearly, therefore, its efficiency was extremely low, and the matter was not 
pursued. The jet velocity is adequate to ensure that a substantial proportion of 
particles must have struck the plate, but they evidently bounced off again. 
Considering the result in relation to the experiments with other sampling instru- 
ments it is clear that humidification has an important influence in promoting 
adhesion of 1 » — 2 » particles, though it is probably of decreasing value for larger 
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Fig. 17—Relative efficiency of the collection of quartz dust by the midget impinger. 


ones. The function of the liquid in the impinger in trapping particles, as originally 
visualized by Greenburg and Smith,’ is obviously vital. 


III, EXPERIMENTS ON AIR JETS: DISAGGREGATION 


Compressible Flow in Jets—If air at pressure P, and absolute temperature 7, 
is aspirated through an orifice into a space where the pressure is P,, the velocity, u, 
at an intermediate point, where the pressure is P, is given by the following formula: 


y¥—1 
27 Pi P 
in which y is the ratio of the specific heats of air (1.4) and p, is the air density some 
distance upstream of the intake where the velocity is practically zero. 
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This expression comes from conservation of energy (Bernoulli’s theorem) and 
the assumption of adiabatic expansion. Supersonic velocities do not occur in the 
instruments under consideration. 

The precise point where the maximum velocity, “,, is reached depends on the 
shape of the orifice, a factor exerting a considerable influence on the value of P, at 
which the system operates as a critical orifice, when the air flow, Q,, measured at 
P,, T,, becomes independent of further reduction of the pressure P, (Hartshorn **), 
and wu, is equal to the local velocity of sound. 

The air temperature, 7’, at a point in the stream where the pressure is P is given 


by 


7 
T/Ti= (P/P1) (6) 
Expansion, due to pressure reduction, exceeds the decrease in volume caused by 


fall in temperature, so that the volume flow, Q,, is less than Q calculated from the 
distribution of « across a section of the jet, and 


Q:1/Q = TiP /T Pi (7) 


If it is assumed that the velocity reaches a value of u, at the minimum cross 
section of the orifice, where the area is A, we have, 

Aus = Qe (8) 

Knowing the pressures on either side of an orifice, one can use Equations 5 and 
8 to calculate Q,, which is corrected to atmospheric pressure and temperature by 
Equation 7 to give the flow Q,, provided that the pressure on the delivery side of 
the orifice is equal to the pressure in the throat; this means that the jet emerges 
parallel, without expansion or contraction of the area of cross section. 

These calculations were made for the jets of the Kotzé konimeter, Owens’ 
counter and the Bausch and Lomb counter, and the results were compared with 
flows measured through the isolated jets, not the complete jet-plate systems. The 
experimental and theoretical curves are plotted on Figures 5, 9, and 11. It will be 
seen that the measured flow is less than that calculated by about 23% in the Kotzé 
jet and 12% in the Bausch and Lomb. This is due to contraction of the jet down- 
stream of the orifice. For the Owens counter, however, the experimental flow 
was 15 to 20% greater which argues some recovery of head due to expansion of 
the jet downstream of the narrowest section of the slit, which is associated with 
turbulence. 

The velocities were lower, at the same pressure, when the air stream impinged 


on the plate, although not by much in the Owens counter, in which the jet orifice is 
some distance from the plate. 


Velocities of Particles Approaching an Orifice—Knowing the pressure at a point 
on the axis of an air stream approaching an orifice one is able to calculate the 
velocity from Equation 5. Hence, by measuring the fall in pressure at different 
distances upstream, the rise in velocity as the air approaches the orifice can be 
found. 

Pressures were measured experimentally for air aspirated into a Bausch and 
Lomb slit with the inflowing air at 75 cm. of mercury and 16 C., while a 25-cm. 
pressure difference was maintained across the slit. The flow was 24.2 1./min. 


23. Hartshorn, L.: The Discharge of Gases Under High Pressures, Proc. Roy. Soc., 
London, s. A 94:155, 1918. 
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The upstream pressure was taken from a hypodermic needle, 0.5 mm. in 
diameter, mounted on a lathe slide rest so that it could be moved precisely along the 
axis of flow. The impingement plate was not in position during the measurements. 

Velocities calculated from the pressures are plotted as a function of d, the dis- 
tance upstream of the orifice, on Figure 18. This curve given, the step-by-step 
method of calculating the motion of particles swept in with the air was applied in the 
manner described elsewhere by Davies and Aylward.** 

The acceleration of air approaching the jet is violent, and large particles lag 
behind on account of their inertia. The curves of particle velocity therefore lie 
below the air velocity curve by an amount which increases with particle size. In 
calculating particle trajectories it was assumed that the particles were spheres of 
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Fig. 18.—Acceleration of dust particles approaching a slit. 


unit density, and allowance was made for their departing from Stokes’s Law, as 
discussed in the previous reference. 

From Figure 18 we see that in the throat of the jet there is a considerable dif- 
ference between the air speed and the particle speed. For example, although air is 
rushing in at 160 m./sec., a particle 10 » in diameter on the axis of flow is traveling 
at only 40 m./sec. The air is speeding past the particle, therefore at 120 m./sec. 
It is evident that such a strong wind must strip a lot of material off loose aggregates 
of coal dust, and it is considered that this mechanism is responsible for most of the 
disaggregation which was found in the dust-sampling instruments. 

In the Kotzé konimeter, owing to the length and gradual taper of the jet, 
acceleration is less sudden than in the Bausch and Lomb, so that the particles do not 


24. Davies, C. N., and Aylward, M.: The Trajectories of Heavy Solid Particles in a 2 
Dimensional Jet of Ideal Fluid Impinging Normally upon a Plate, Proc. Physical Soc., to be 
published. 
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lag behind as much. This explains why disaggregation was found to be less. In the 
Owens, acceleration is extremely violent, and impact with the walls of the orifice 
comes in as well. 

Water inhibits disaggregation because loose particles are drawn together by 
surface tension; however, it is necessary to consider the condensation of water, 
because there must be a stage at which droplets of water would themselves be 
broken up in a strong wind stream. A rough idea of the relative speed at which 
this occurs can be obtained as follows. 

The impact pressure of air at the forward stagnation point of a water drop 
moving in an air stream is equal to %4 p v*, where p is the density of air and v is its 
velocity relative to the drop. Inside the drop there is an excess pressure due to 
surface tension, T, which is equal to 2T/r, r being the radius of the drop. 

As long as the latter pressure exceeds the impact pressure the drop is stable, 
but if the speed is high enough for the two pressures to become comparable, dis- 
ruption is imminent. 

The relative velocities between particle and air at the throat of the orifice have 
been taken from Figure 18 and shown as a function of particle size in Table 31. 


TABLE 31.—Disruption of Water Drops in the Throat of the Bausch and Lomb Slit at 
24.2-L/Min. Air Flow 


Impact Internal 
Drop Air Speed—Drop Speed, Pressure, Pressure 
Radius, « M./See. Dynes/Sq. Cm. Dynes/Sq. Om. 
20 134 108,000 72,000 
10 120 86,000 144,000 
5 101 61,000 288,000 
* 2 67 27,000 720,000 


Using these values, the last two columns of the table give % p v*, the impact pres- 
> sure, and 27//r, the internal pressure due to surface tension. This table shows that 
the impact pressure is much less than the internal pressure for small drops and that 
in fact the pressures become of the same order of magnitude only when the drop is 
between 10 and 20 » in radius. The action of water in preventing disaggregation is 
therefore readily accounted for. 

The pressure measurements showed that an expansion of 1/50, which was 
proved by Aitken ® sufficient to condense water on dust particles, occurred at a 
distance of 0.09 cm. upstream of the plane of the slit. 

Experiments on the Disaggregation of Particles of Coal Dust—If the views in 
the preceding paragraphs are correct, it is clear that coal-dust particles should be 
broken up when the dust is sucked through an orifice, even though the jet does not 
impinge on a plate. The following experiments were performed to prove this and 
to obtain data on the effect of air velocity and humidification. A Bausch and Lomb 
slit measuring 0.04 cm. by 0.6 cm. (Fig. 8b) was used as before. 


Apparatus was set up inside the dust chamber in the manner indicated in Figure 19. A 
suction pump, with flowmeter and manometer, aspirated air through the slit into a large glass 
tube 5 cm. in diameter. After dusty air had been drawn into the tube for a time long enough 
to fill it, the pump was switched off, after which air continued to flow in through the slit at a 
decreasing rate until pressure equilibrium was established. 

A sample of air was then withdrawn from the tube at a point far enough downstream from 
the slit to ensure that it was uncontaminated by the last, falling flow. The original air in the 
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dust chamber was also sampled. The samples were drawn into 5 cc. sedimentation cells 4 and B 
(Davies 25) and were compared by counting and sizing under the microscope. 

The sampling orifice was situated 27 cm. downstream of the slit, so that particles of the 
cloud passing through the slit were lost by settling on the bottom of the glass tube. This loss 
was greatest for coarse particles at low rates of flow and was determined by comparing samples 
A and B when J had been taken from air flowing at 7 1./min. through the open end of the 
glass tube without the slit. 


For convenience in discussing these results the particles are grouped into three 
size ranges, referring to air-borne particles whether units or aggregates. Fine 


SAMPLING CELLS 


Fig. 19.—Apparatus for measuring the disaggregation of coal dust which has passed through 
a slit without impingement. The arrow points toward pump. 
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Fig. 20.—Disaggregation of coal dust which has passed through a slit without impingement. 


particles ran from 0.4 » to 2.83 4; medium ones from 2.83 » to 5.66 p, and coarse 
ones from 5.66 » to 16 » diameter. 

Experiments were carried out with air flowing at 24, 12 and 7 |./min., one set 
with the air in the chamber saturated, and the other set at about 50% relative 


humidity. Results deduced from the microscopic counts are shown for the three 
rates of flow in Figure 20. 


25. Davies, C. N.: Filtration of Droplets in the Nose of the Rabbit, Proc. Roy. Soc., 
London, s. B 183:282, 1946. 
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At 7 1./min., in the control experiment without the slit, fine and medium par- 
ticles were collected almost completely from sample A, but the collection of coarse 
ones is deficient, because they settled in the horizontal tube. 

Consider, now, the curves with air passing through the slit. At 7 1./min. there 
is no significant difference between dry and wet air, and the deficit of coarse particles 
is comparable to that found in the control experiment. 

At 12 1./min. the dry and wet curves agree for medium and coarse particles, 
but wet air cuts down the production of fines by disaggregation. There is a signifi- 
cant loss of coarse, and a gain of medium, particles whether the air is wet or dry. 
This is probably due to particles striking the sides of the orifice, near the throat, and 
bouncing off in fragments. 

At 24 1./min. the picture is still more sharply drawn. The number of coarse 
particles is down to 16% and there is a great excess of fine ones, especially with 
dry air. Moist air does not completely suppress disaggregation at this speed. 

Summing up, humidification has a pronounced effect in cutting down the pro- 
duction of fine dust at 12 1./min. and rather less effect at 24 1./min. At 7 1./min. 
it does not seem to make much difference. 

Humidification has no appreciable effect on the disappearance of coarse aggre- 
gates, which becomes more pronounced as the air flow is increased. 

Medium particles are present in some excess at 12 |./min. only. 

From these conclusions we argue that excessive fine dust is produced by the 
wind stripping mechanism discussed in Section III under the heading “Velocities of 
Particles Approaching an Orifice,” and its production is suppressed by moistening 
the air. A few medium particles result from breakup of coarse particles impinging 
on the walls. Medium particles at 24 1./min. impinge like coarse ones at 7 1./min., 
but their numbers are increased by debris from the coarse range at the higher speed. 
Wet particles, of course, impinge better than dry. 

An attempt was made to assess impingement by making the sides of the orifice 
sticky, so that particles would adhere, but the effect on the counts was too small to 
be decisive. 

IV. IMPINGEMENT OF FINE PARTICLES 


Method.—No information has yet been given about the fundamental efficiency 
of impingement of fine particles from a high velocity jet. The experiments on 
sampling quartz dust with the Owens counter were of no use for this purpose 
because some of the coarser particles present broke up on striking the impingement 
plate, with the result that the number of fine particles was raised artificially. A 
further complication was the blowing-off of particles after impact. 

In order to obtain a valid relationship between particle size and efficiency of 
impingement it is necessary to use a cloud which is free from particles large 
enough to break up by the force of impact. In addition, no air-borne aggregates 
should be present to obscure the issue further, and the particles should adhere to 
the plate once they have collided with it. 

The production of a suitable dust cloud being difficult, it was decided to use a 
mist of tricresyl phosphate droplets. This substance has so low a vapor pressure 
that even in air free from vapor the lifetime of 0.2 » droplets is over two hours. 
Its density is 1.17 gm./ce. Capillarity is a powerful force in such small drops, whose 
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surfaces are sharply curved, and it exerts a pressure of several atmospheres, which 
is sufficient to keep small sizes stable. Large drops would, of course, be shattered, 
and it was necessary to be sure that the mist contained only small ones. 


Generation and Measurement of Mists of Tricresyl Phosphate—The cloud was produced by 
evaporating the tricresyl phosphate from a 6-in. (15-cm.) spherical flask with a mechanical 
stirrer, at temperatures between 151 and 162 C., into a stream of nitrogen flowing at 3 1./min. 
The nitrogen carried ions from a 500-watt, 8,000-volt discharge between 16 standard wire gauge 
tungsten rods 2 cm. apart. The vapor passed through glass jets into another flask at 300 C., from 
which it was led away up a jacketed glass tube 2.5 cm. in diameter and 50 cm. in length. 

The vapor was condensed into droplets on the ion nuclei in this tube. The apparatus was 
similar to that of LaMer 2¢ for the production of clouds of uniform particle size, but the 
variation in particle size within the cloud was sufficient to make it desirable to measure the size 
distribution rather than to work with a mean size. 

A measured volume of the cloud, between 250 and 1,500 cc., was injected into a cubical glass 
chamber (volume, 204.4 1.), and the air inside was fanned slowly for five minutes to obtain a 


TABLE 32.—Comparison of Thermal Precipitator and Owens’ Jet Dust Counter: Tricresyl 
Phosphate Mist 


Ratio of Number of Particles of Stated Diameter Range (a) 


Evaporator Sampled by Thermal Precipitator to Number by Owens’ Counter 
ra- 
Exper. 0.1-0,2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 1.0-1.25 
23 156 4.99 2.88 [1.9] eee 
155 3.83 4.68 [0.9] ons ove 
25 156 5.82 5.44 [0.6] ove 
27 153.5 5.17 4.73 [2.7] 
28 161 sa baat 24 19 2.6 0.9 
29 161 snes onee 2.0 17 1.6 16 
30 161 vee ease 2.0 18 15 2.2 
31 161 eas sues 21 23 19 12 
33 162 dns sees 3.0 24 2.3 2.7 
Mean aide 4.95 4.43 23 2.0 2.0 17 


Relative efficiency 
of Owens’ counter 0.20 0.23 0.44 0.50 0.50 0.59 


uniform concentration. Thermal-precipitator samples, 50 cc. each, were then withdrawn, and 
in the middle of the sampling period the impingement samples were taken. 

The samples were examined microscopically with a 2-mm. oil-immersion objective and a 
X15 eyepiece fitted with a Patterson-Cawood graticule. This was preferred to the May 
graticule, previously employed, on account of the narrow range of particle sizes. Cover slips had 
to be carefully selected for freedom from flaws and were treated with Aerosol OT. Drop size 
was ascertained from the size of the partially spread lens, on the cover slip, by the focal-length 
method, the technique throughout following that described by Davies.?5 

It was not possible to measure the focal lengths of such small droplets, but readings were 
made on larger ones which gave a mean drop diameter equal to 0.49 of that of the lens. 

The particle size was very sensitive to the temperature of the evaporating flask, which could 
not be controlled with sufficient accuracy to ensure exact reproduction of a given size distri- 
bution. The number of ion nuclei being nearly constant, a rise in temperature increased the 
concentration of the vapor, so that it condensed into larger droplets. 

Two series of experiments were carried out, with the evaporator at about 155 C. in one 
and near 161 C. in the other. These clouds covered the required ranges of particle size. In the 
finer clouds the proportion of droplets which exceeded 0.4 » in diameter was so small that 
comparative counts were inaccurate and the range 0.4 to 0.6 # was not used. In the coarser 
clouds about 80% of the droplets were smaller than 0.4 #, but only the larger sizes were 
counted, including ranges up to 1.25 u. 


26. LaMer, V. K.: Lightscattering as a Measure of Particle Size: The Production of 
Monodisperse Aerosols, Chem. Rev. 44:245, 1949. 
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Experimental Results—The first experiments were performed with the Bausch 
and Lomb counter. No particles could be seen in the center portion of the strip, 
but there were a number at each end. It was obvious that the collection efficiency 
was very low and that the instrunient was not satisfactory for sampling discrete 
particles smaller than 1 » in diameier ; so these trials were abandoned. 

The rest of the work was carried out with the Owens counter, in which the 
deposits were again far from uniform. There was a pronounced peak at each end 
separated by a trough from a more or less uniform center section. This is evidently 
an aerodynamic effect caused by the ends of the slit. In the following experiments 
the particle counts were confined to the center part of the trace. 

The results of the two series of experiments are summarized in Table 32, which 
shows the ratios of the thermal-precipitator counts to the Owens counts for a 
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Fig. 21.—Efficiency of the Owens jet dust counter relative to the thermal precipitator when 
sampling a fine-droplet mist of tricresyl phosphate (density 1.17 gm./cc.). 


number of particle-size ranges. The fine clouds contained so few particles in the 
diameter range 0.4 to 0.6 » that the counts in this range were unreliable and are 
bracketed in the table. They were not included in the average. There is a fair 
amount of scatter in these results, owing to the extreme difficulty of the necessary 
technique. 


Unlike the work with coal dust and quartz, these experiments reveal that the 
efficiency of Owens’ counter decreases with particle size (Fig. 21). This would 
be anticipated on theoretical grounds but was not realized in the earlier experiments, 
being obscured by the disaggregation and breakup of particles from the coarse end 
of the size distribution. Above 0.4 » the efficiency is higher with droplets than with 
particles of quartz, because droplets adhere to the plate and do not blow away. The 
figures for tricresyl phosphate are thus an index of the basic impingement efficiency 
of the Owens slit system, uncomplicated by extraneous factors. This aspect of the 
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work will be developed in the final section of this paper where the theoretical pre- 
diction of impingement efficiency is discussed. 


It remains only to emphasize, at this point, that dust counts obtained with an 
instrument in practice are affected so much by the nature and the sizes of the air- 
borne particles that quite unexpected results may arise which would not have 
been forecast solely on consideration of the dynamics of impingement. 


SECTION V.—THEORY OF IMPINGEMENT 


Calculation of Particle Trajectories ——Theoretical calculation of the paths fol- 
lowed by particles carried along with air passing through a slit and impinging on a 
plate has been described by two of us in a paper that is a companion to the present 
one (Davies and Aylward **), In Figures 19 and 20 of that paper, curves are 
drawn which relate the theoretical efficiency of impingement to the particle para- 
meter, P, for different values of the variable a. 


These quantities are defined as follows: 

mUs (9) 

Pm 

a=Vo/Uo (10) 
The same nomenclature is used here as in the theoretical paper. U. is the air speed in the 
impingement jet, which has width h and is assumed to be several times / in length, so that the 
latter dimension is unimportant; 7 is the viscosity of the air. The density of the particles is 
p, and their diameter, 2r. J’, is the air velocity along the surface of the plate, which depends on 
the distance, d, of the slit orifice from the plate. In Figure 5 of the theoretical work @ is 
shown as a function of d. 


It is convenient to express impingement efficiency in terms of P since then all systems which 
are geometrically similar will have a common efficiency curve. Actually, the theory is not tied 
down quite so rigidly as this, because it includes the variable 2, which allows some scope for 
departure from geometrical similarity of the boundaries. 


The calculations give an exact solution of the impingement problem under con- 
ditions which were necessarily assumed in order that it might be possible to derive 
a theoretical solution. That experimental results will deviate from theoretical pre- 
dictions is to be expected where the conditions in the impingement system differ 
from those postulated in the theory. The study of these divergences provides infor- 
mation about the system which is valuable for design purposes. The theoretical 
results also set up a criterion of efficiency with which the experimental apparatus 
can be compared. 

In the theoretical work the air stream is supposed to be laminar and to flow with 
uniform velocity, U,, between parallel planes which terminate at the slit orifice at 
distance d from the plate; the stream then spreads out symmetrically against the 
plate as shown fn Figure 22. 

In practice the velocity at the walls of the jet and on the surface of the impinge- 
ment plate is zero. A velocity gradient therefore exists against the solid boundaries, 
and the velocities are not constant and equal to U, and V’,, as assumed, across the 
initial and deflected flow streams. 


The Reynolds numbers of the jets in the instruments employed were high, and 
in most cases the stream approached the orifice between converging walls. These 
circumstances favor the existence of a fairly flat velocity contour across the jet 
section together with a narrow boundary layer. It is considered that ideal fluid 
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theory should provide a reasonable approximation in this respect. The existence 
of a velocity gradient normal to and along the surface of the plate is probably of 
little significance. 

The theory is based on the assumption that air is incompressible, which is not 
true for velocities over 100 m./sec., as can be seen by referring to Section III. 
However, in no case is the resulting increase of velocity substantial, and the maxi- 
mum decrease of the viscosity of air likely to arise from adiabatic cooling is only 
about 10%, so that a large departure from theory on this account is not anticipated. 

That turbulence may exist inside the jet is improbable in the small instruments 
tested, because of the converging air flow. Nevertheless, when the jet emerges 
irom the orifice, the boundary layer forms a region of discontinuity between the 


Ve 


ie 22.—Theoretical formulation of slit impingement system. ll’. is the air speed in the 
impingement jet; I», the air velocity along the surface of the plate; h, the width of the jet; 
d, the distance of the slit orifice from the plate. P signifies particle parameter. 


rapidly flowing jet and the stagnant air outside. Ultimately, therefore, it will roll 
up into vortices and give rise to an increasing zone of turbulence in the outer parts 
of the jet. This behavior was observed with Owens’ dust counter but should 
have little effect on the dynamics of particle impingement. 

The preceding conclusions are justified by the reasonable approximations to the 
air flow which were calculated by Equation 5 (Section II1) on the basis of a uni- 
form velocity across the section and laminar flow. 

When one turns from the question of air flow to the particles themselves, it is 
obvious from the foregoing experiments that in many cases there is no hope of 
drawing useful comparisons between theoretical and experimental findings. This is 
brought about, in the first place, by disaggregation and fracture of particles and, 
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in the second, by their failing to adhere to the plate after impact. We are limited, 
therefore, in the following discussion, to systems behaving favorably in these 
respects. 

Comparison Between Theory and Experiment—The experimental data which 
have been chosen as suitable to be compared with the calculations of our theoretical 
paper relate to the apparatus listed in Table 33, in which the values of V., h, d, and a 
are given, together with information about the experimental particles. 

The experiments with the midget impinger, the Bausch and Lomb counter, and 
Owens’ counter are described in Sections II and IV of the present paper. The 
experimental results for the cascade impactor, relating to the standard instrument, 
not to the moving-plate one used in our coal-dust work, which has jets slightly 
differing in size, were taken from the paper on this instrument (May, 1945) and 
from unpublished determinations by one of us (C. N. D.), who also provided the 
figures for the large impactor. 


TasLe 33.—Performances of Impingement Dust-Sampling Instruments Compared with 
Theoretical Predictions 


Experimental Particles 
Vo, h, d, ist Diameter, Density, 
Instrument Cm./Sec. Cm. Cm. a Material “ Gm./Ce. 
Large impactor 286 2 11 18 Methyl salicylate 10-60 12 
429 one wee ee 
Standard 1 236 12 0.6 19 Dibutyl phthalate 0.7-20 1.042 
eascade 2 1,042 04 0.2 19 
impactor 3 3,130 0.1 0.1 12 Apiezon oil 0.7-20 0.858 
4 5,200 0.06 0.06 12 
Midget impinger 7,000 0.1 0.4 1.0 Quartz 0.2-3.0 2.6 
Bausch & Lomb 
counter 20,000 0.04 0.05 1.18 Quartz 0.2-3.0 2.6 
Owens’ counter 31,400 0.008 0.114 10 Tricresy!] phosphate 0.2-1.0 117 
Kotzé konimeter 0. 0.095 1.16 


Vo = air speed in the impingement jet. 
h = width of jet. 
d= distance of slit orifice from the plate. 


The latter instrument (Fig. 23) is of interest because it has a large slit and 
a low air speed, which was varied. On account of the large particle size, however, 
the range of values of P covered was the same as in the high-speed instruments 
sampling small particles. Liquid droplets were used, and there was no trouble 
from breakup or lack of adhesion. The curve of efficiency against particle para- 
meter, P, is given in Figure 23. The experimental points for the two lowest values 
of P fall near the theoretical curve, but the instrument never attains 100%. For 
values of P higher than those included in the graph the efficiency commences to fall 
again, indicating that some other factor, apart from the straightforward dynamics 
of impingement, is operating. This is known to be collision of particles with the 
walls of the intake slit, caused by turbulence of the approaching air and by curvature 
of the lines of flow into the orifice, which becomes increasingly serious with rise in 
particle size in this region. 

For the cascade impactor, liquid droplets were used. As we have seen, the 
results with coal dust were unsuitable for deriving fundamental impingement data. 
The first and second jets throw to one side only, and allowance was made for this 


by putting the actual jet width equal to h/2 instead of h. The value of a then comes 
out to be 1.9 for each jet. 
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The third and fourth jets throw symmetrically, and a is equal to 1.2, but some 
uncertainty arises, owing to the contraction of the jets after they leave the tapered 
orifices. It was supposed that the sections contracted to two-thirds of the orifice 
area, for the purpose of computing the air speed, while h was taken as the breadth of 
the slit. The experimental and theoretical curves are given in Figure 24. In both 
cases the theoretical curves are cut by the experimental, indicating the latter to have 
poorer selectivity and lower efficiency for coarse particles. The correspondence 
between the theoretical boundary conditions and the jet contours is rather strained, 
especially for jets 1 and 2; nevertheless, when it is remembered that the particle 
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Fig. 23.—Efficiency of large impactor with drops of methyl salicylate. 
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Fig. 24.—Efficiency of cascade impactor (standard model): (a) Experiments with liquid 
droplets, Jets 1, 2, 3, and 4 (——-—); (b) Theoretical curves for a2 =1 and 2=19 (—). 


diameter occurs squared in P, it is clear that the theory predicts the correct order 
of magnitude for the 50% size, even in this rather unfavorable case. 

The midget impinger has a circular orifice and cannot, therefore, be strictly com- 
pared with slit theory at all. However, the experimental curve for quartz dust 
(Section II) is shown in Figure 25 with the theoretical curve for a slit equal in 
width to the bore of the impinger nozzle. The impinger is doing better than theory, 
on this basis, as would be anticipated, because a jet from a circular orifice playing 
onto a plate spreads out to a thinner film than one from a two dimensional slit ; 
this would lead to more effective deposition of particles, which was actually observed 
in the preferential impingement of fine particles at the ends of a slit. 
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Figures 26 and 27 carry the curves for the Bausch and Lomb and Owens 
counters. The experiment employing the former was done with quartz dust 
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Fig. 25.—Efficiency of midget impinger: (a) Experimental points in sampling quartz dust. 
(b) Theoretical curve for a = 1 for a slit equal in width to the bore of the impinger nozzle. 
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Fig. 26.—Efficiency of Bausch and Lomb dust counter: (a) Experiments with quartz dust. 
(b) Theoretical curve for a = 1,18. 
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_ Fig. 27,—Efficiency of Owens’ jet dust counter: (a) Experimental points for droplets 
tricresyl phosphate. (b) Theoretical curve for a = 1. 


(Section Il) and that employing the latter with droplets of tricresyl phosphate 
(Section IV). In contrast with the previous comparisons, in which there is at 
least agreement in order of magnitude between theory and experiment, it is striking 
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to see how both these instruments fall far below the theoretical performance for the 
larger values of P. 


They differ from the other instruments in two ways. First, they have high 
jet speeds and, second, they operate transiently, not continuously. The jet speeds 
used in calculating the theoretical curves are not maintained throughout the time of 
operation. This is especially the case in the Bausch and Lomb instrument, with 
its rather large slit area in relation to pump capacity, and probably accounts for 
the poorer relative performance in this case. Another factor which may be signifi- 
cant is the inability of the larger particles to accelerate to the maximum air speed, on 
account of their inertia, as exemplified in the graphs for the Bausch and Lomb 
slit in Figure 18 (Section II1). 

These suggestions do not seem sufficient to account for the whole difference 
between theory and experiment, and we are forced to conclude that a proportion of 
the discrepancy may still be caused by particles blowing off after impact. 

General Conclusions —The most important consideration affecting the design of 
dust samplers which emerges from these theoretical and experimental studies is 
that it is neither necessary nor desirable to employ a jet of very high velocity. For 
example, the Owens jet, operating at 314 m./sec., should be capable in theory of 
depositing particles of unit density and a diameter of 0.18 » with an efficiency of 
50%. In fact, the efficiency is more like 20% at this size, and 50% is attained only 
at ON p. 

It should be possible to design an instrument which would have 50% efficiency at 
0.8 » with a much less violent air blast than the Owens counter and which would 
display in consequence a vastly superior performance for larger particles. 


Another point is the difficulty of persuading particles to remain on the impinge- 
ment plate. With fine quartz dust, the only satisfactory instrument was the midget 
impinger with its submerged orifice. No doubt, a sufficiently adhesive coating 
could be found for the plates, but its use would almost certainly jeopardize the 
accuracy of microscopic examination below 2 ph. 


When a wide range of particle sizes is present, the value of fractional impinge- 
ment, as in the cascade impactor, is undoubted, but steps must be taken to ensure 
that the first impaction plates retain their catch absolutely, or else the subsequent, 
finer deposits will be falsified. 


Somewhat surprisingly, it has been found necessary to work with quite low 
concentrations of dust to avoid overcrowding of the deposits. The formula for 
predicting overlap error has been very useful to us, in this connection, when 
planning the experiments. Undoubtedly, it is the usual practice to take samples 
which are much too dense for accurate assessment. 
Some of the experiments with coal dust were carried out by Miss A. Drew. Mr. D. Jordan 


did those with tricresyl phosphate. Miss C. V. Williamson computed the trajectories of particles 
approaching a slit. 

Dr. J. T. Burdekin lent a Kotzé konimeter; Mr. H. L. Green, a Bausch and Lomb dust 
counter; Captain P. S. Hay, a British konimeter; Mr. K. R. May, a cascade impactor, and 
Dr. C. R. Williams, a set of Bausch and Lomb slits. 
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Special Reports 


THRESHOLD LIMIT VALUES FOR 1951 


Adopted at the Meeting of the American Conference of Governmental Industrial 
Hygienists in Atlantic City, N. J., in April, 1951 


GASES AND VAPORS 


: SUBSTANCE PPM 
4 Acetic anhydride 5 
Benzene (benzol) ................ 35 
200 
Butyl cellosolve® 
4 (2-butoxyethanol) .............. 200 
Carbon dioxide 5,000 
Carbon disulfide 20 
a Carbon monoxide ................ 100 
Carbon tetrachloride .............. 50 
Cellosolve® (2-ethoxyethanol) .... 200 
Cellosolve® acetate ............... 100 
2-Chlorobutadiene ................ 25 
1-Chloro-1-nitropropane .......... 20 


398 


SUBSTANCE PPM 
Cyclopropane (propene) .......... 400 
o-Dichlorobenzene 50 
Dichlorodifluoromethane .......... 1,000 
1,1-Dichloroethane ................ 100 
1,2-Dichloroethane (ethylene 

1,2-Dichloroethylene .............. 200 
Dichloroethyl ether .............. 15 
500 
Dichloromonofluoromethane ....... 1,000 
1,1-Dichloro-1-nitroethane ........ 10 
1,2-Dichloropropane (propylene 

Dichlorotetrafluoroethane ......... 1,000 
Dimethylaniline .................. 5 
Ethylene chlorohydrin ............ 5 
500 
Hydrogen chloride ................ 5 
Hydrogen cyanide ................ 10 
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SUBSTANCE PPM SUBSTANCE PPM 
Hydrogen fluoride ............... 3 Nitrogen oxides (other than NO) . 25 
Hydrogen selenide ............... 0.05 0.5 
Hydrogen sulfide 20 100 
200 Pentanone (methyl propanone) ... 200 
Methyl butanone 100 0.05 
Methyl! cellosolve® (2-methoxy- Phosphorus trichloride ............ 0.5 
Methyl 25 Isopropy! alcoliol 400 
Methyl chloride 100 Propy! 
Methyleyclohexame 500 Isopropyl ether 500 
Methylcyclohexanone ............. 100 Stoddard solvent 500 
Methyl iso-butyl ketone .......... 100 1 
Fluorotrichloromethane .......... 1,000 1,1,2,2-Tetrachloroethane .......... 5 
Naphtha (petroleum) ............ 500 5 
Nitrobenzene 1 Turpentine 100 
. TOXIC DUST, FUMES, AND MISTS 
‘ MG. PER MG. PER 
4 SUBSTANCE cu. M. SUBSTANCE cu. M. 
0.1 Phosphorus (yellow) ............... 0.1 
1 Phosphorus pentachloride ............ 1 
Chromic acid and chromates as CrO; 0.1 Phosphorus pentasulfide ............ 1 
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MINERAL DUSTS 
SUBSTANCE MPPCF SUBSTANCE MPPCF 
5 high (above 50% free SiOz) ........ 5 
Carborundum ........ eer aw ee 50 medium (5 to 50% free SiOz) ...... 20 
Dust (nuisance, no free silica) ........ 50 low (below 5% free SiOz) .......... 50 
Mica (below 5% free silica) ........ 20 Slate (below 5% free SiOz) .......... 50 
‘content 50 Soapstone (below 5% free SiOz) ...... 20 
20 Total dust (below 5% free SiOz) ..... 50 
RADIATIONS 
MATERIAL OR RADIATION MATERIAL OR RADIATION 
Gamma (roentgens per week) ..... 0.3 Radium 226 (microcuries per 
Radon (curies per cubic meter) ...... 10-* wheter) 10-6 
Thoron (curies per cubic meter) ...... 10-8 Polonium 210 (microcuries per 
Roentgen (roentgens per week) ...... 0.3 10-6 


K. C. CHARRON 

K. E. Markuson 

ARTHUR VoRWALD 

W. G. FrepericK, Chairman 
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Abstracts from Current Literature 


General 


TRENDS IN INDUSTRIAL HyGiENE. ALLEN D. Branpt, Sc.D., A.I.H.A. Quart. 12:9 (March) 
1951. 


Brandt discusses the status of, and trends in, industrial hygiene from the point of view of 
education, aims, organization, personnel, and practice as these are set forth by the American 
Industrial Hygiene Association. 

He points out that industrial-hygiene programs must point toward improving all plant work- 
ing conditions, not merely correcting those that produce occupational diseases. 

The matter of departmental administration of industrial-hygiene programs (safety, medical, 
personnel, etc.) is not the critical factor for effective operation, although the author suggests 
that a close association with plant engineering departments would enhance the preventative 
engineering aspects. Over-all success depends primarily on the recognition and respect of the 
agencies served. 

According to the author, the fundamentals of industrial hygiene should be offered to all 
engineering students at the undergraduate level. Industry, the public, and the industrial hygienists 


themselves should be subjected to a better sales-promotion job. R. Desi, Dom. 


Are WE REApy FoR STANDARDS IN NoIse? JAMES K. STERNER, Indust. Med. & Surg. 20:99- 
101 (March) 1951. 


The author states that standards for noise would be valuable. However, he commends the 
restraint exhibited at a recent conference on noise in industry in the unanimous agreement that 
adequate standards were not available. Without reliable criteria, Sterner feels, the control of 
the hazard is likely to be capricious and arbitrary. But he states that control can be achieved 
on a sound and sensible basis when authorities can define in terms of noise the safe, healthful, 
and productively efficient environment. 


ARNOLD Lear, Boston. 


GERIATRICS—PROBLEMS WITH THE AGED IN INDUSTRY. 
Surg. 20:205-211 (May) 1951. 


Olson emphasizes the need that increasing attention be directed toward the aged in industry. 
In comparing two companies with similar age distributions among employees, he shows how 
the company that allowed employees to work as long as they desired, without any selective- 
placement restrictions and without follow-up examinations or replacement consideration, had 
a higher accident rate, with more time lost, among the over-40 age group. However, the second 
company utilizes many practical methods (including medical and psychological guidance and 
job appraisals) to maintain the health of its employees and consequently has a far lower accident 
rate. 

The problem of chronic disease must be handled on a preventive basis to alleviate or eliminate 
handicaps among the over-40 workers. The individuality of the aging employee must be con- 
sidered in successful placement and maintenance of efficiency. 

In order to effect a satisfactory program in industry, management must become active and 
interested in establishing adequate plant facilities as well as in supporting research in industrial 
gerontology. 


Cart T. Orson, Indust. Med. & 


ARNOLD Lear, Boston. 


PuysicaAL EXAMINATIONS IN INDUSTRY As CANCER FINDING Procepures. C. D. 
SEtBy, J. Michigan M. Soc. 50:402 (April) 1951. 


Physical examinations as ordinarily practiced in industry do not offer unusual opportunities 
for cancer detection. Cutaneous and other superficial cancers may be spotted, of course, and 
when they are the patients are guided into proper channels for early care. Cancers of occu- 
pational origin are carefully sought and found early. Their principal sources are paraffin, oil, 
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pitch, and tar exposures. Industrial physical examinations cannot give sufficient attention to 
the areas most frequently involved in cancer, e. g., the stomach and the prostate in men, and 
the breast and the cervix in women. The industrial examination, however, is contributing increas- 
ingly to the early recognition of lung cancer through study of chest roentgenograms as a routine 
phase of the examination. 

Despite the limitations of industrial-hygiene examinations, there are ways through which 
early detection of cancer can be promoted in industrial medical departments. Through the records 
which are kept in medical departments of industrial plants it becomes quickly evident that 
certain employes are suffering from conditions which require close study and perhaps active 
treatment. For example, a man comes in with symptoms of indigestion. He asks for sodium 
bicarbonate. When this has happened a certain number of times, the nurse or the physician 
who has seen him decides that a study of the case is in order. 

Another way in which industrial medical departments can be helpful in the promotion of 
cancer control is through education. 


ABSENTEEISM IN INpUstrY Due To Imparrep HEALTH. J. Prost, Arch. mal. profess. 12:180, 
1951. 


ALcoHoL AND HicHway Accipents. M. H. Tuétin, Schweiz. med. Wehnschr. 81:271 
(March 24) 1951. 


According to Thélin, the Swiss law concerning drivers’ licenses and the ingestion of alcohol 
provides that the license may be revoked for at least one month if the owner of the license is 
found to have been “slightly intoxicated” when driving his car. The license may be revoked for 
a year or less if a somewhat serious accident was caused by the intoxication of the driver. In 
cases of recurrences, a penalty of six months’ imprisonment or a fine of 5,000 francs (about $14) 
or more may be inflicted on the driver. Professional drivers of public transportation cars are 
compelled to abstain from alcoholic stimulation during working hours. 

The urgent need for a correct interpretation of the legal term “slightly intoxicated,” in 
order to prevent highway accidents, induced the author in his capacity as director of the medico- 
legal institute of the University of Lausanne (Switzerland) to study the clinical symptoms of 
alcoholic influence and the corresponding concentration of alcohol in the blood in five normal 
persons with good tolerance for alcohol. The results showed that drinking wine up to half a 
liter does not cause toxic phenomena but that personality changes become manifest when the 
intake of wine approaches 1 liter. The author found that an alcoholemia of 1% nearly always 
corresponds to clinical symptoms of intoxication incompatible with driving. A person with 
tolerance for alcohol may compensate for the effects of a 1% concentration of alcohol; however, 
this compensation is not automatic and requires a determined effort; the impairment of concen- 
tration induced by alcohol is responsible for the insufficient self-control of the driver causing 
accidents, which are attributed, too often, with a deplorable indulgence, to fatigue and high 
speed. 

The author concludes that a clinical diagnosis of intoxication should always be corroborated 
by a quantitative determination of the alcohol in the blood, because phenomena of mithradatism 
are not rare among the inhabitants of the French and Italian Swiss cantons. He recommends 
application of strict measures for the protection of the safety of the public. 


HEALTH PROBLEMS IN SMALL AND LaRGE Painters’ SHops. ALZzBETA WAELSCHOVA, 
Pracoyni lékarstvi 3:45 (March) 1951. 


Two hundred ninety-eight painters from 83 small workshops were examined and their 
condition of health compared with that of an equally large control group of painters from large 
establishments. The hygienic conditions of small workshops are not satisfactory, and this is 
reflected in the health of the employees. A higher incidence of disease was found, especially in 
the gastrointestinal tract (probably due to the lack of factory canteens). In employees in small 
workshops more blood changes were also found. The health care was found to be better in 
large establishments in that all cases of tuberculosis had been diagnosed at the time of exami- 


nation. It is extremely important that small workshops come under the health control of the 
nearest health center. Summary 


} 
} 
£ 
a 
q 
i 7 
| 
1 
4 
‘ 
q 
aq 
g 
4 
3 
— 
. 
4 
q 
d 
q 5 


ABSTRACTS FROM CURRENT LITERATURE 


Occupational Diseases and Hazards 


SILICOSIS IN THE MINING AND MILLING oF SLATE. RicHarp H. Mansur, A. I. H. A. Quart. 
12:21 (March) 1951. 


It has been shown by engineering methods that dust concentrations at a Maine slate-producing 
establishment were in excess of those considered safe to avoid the hazard of silicosis. A chest 
x-ray survey has indicated that these excessive dust concentrations have caused a strangely sig- 
nificant number of probable cases of silicosis and tuberculosis (27.5% of 88 employees). 

In response to recommendations made by the Division of Sanitary Engineering, Maine State 
Department of Health and Welfare, the company has completed measures deemed necessary to 
control air-borne silica dust. 


ADAPTATION OF AUTHOR’s SUMMARY. 


Dust INHALATION IN RELATION TO PULMONARY Disease. JouN E. Sitson, Month. Rev., 
New York State Dept. of Labor 30:5 (Feb.) 1951. 


Silson presents a brief comprehensive review of the pneumoconioses. The recognition of 
occupational lung diseases with dust causations becomes difficult when the pathologic disorders 
are similar to those of nonoccupational diseases. However, careful investigation has demon- 
strated the causal relationships, i. e., in aggravation of nonoccupational disease, in increased 
incidence of tumors, and in primary occupational diseases due to overexposure to various agents. 

The importance of particle size, structure, and character of dusts, fibers, and fumes in causing 
disturbances and the body’s protective mechanisms are discussed. Pulmonary parenchymal reac- 
tions vary with the inciting agent so that one sees fibrosis with silica, inflammatory granuloma- 
tous changes with beryllium, and carcinomatous changes with chromate dusts. 

In his concluding paragraphs Silson reviews silicos:s, the nonsilicotic pulmonary diseases 
(anthracosis, berylliosis, cadmium exposure and siderosis) and organic dust diseases (bagassosis 


and byssinosis). A. LEar, Boston. 


RaDIOLoGicaL Stupy oF RELATIONSHIP BETWEEN TUBERCULOSIS AND PNEUMOKONIOSIS IN 
Coat Miners. K. J. Mann, Thorax 6:43 (March) 1951. 


A study of the development and progression of tuberculous shadows in 1,514 pairs of roent- 
genograms of coai miners is reported. In 139 pairs the first showed the presence of a tuber- 
culous shadow. These were used for the study of the progression rate of tuberculosis. The 
remaining 1,375 pairs were used for study of the attack rate of tuberculosis. The attack rate 
of the reinfection type of tuberculosis was found to be related to the severity of the associated 
simple pneumoconiosis. It is apparently reduced in cases of complicated pneumoconiosis. The 
progression of tuberculous lesions was studied by comparing the second roentgenogram, taken 
between 1 and 10 years later, with the first in 139 cases in which tuberculous shadows were 
noted in the ‘first roentgenogram. One hundred and thirty-one of these lesions retained their 
tuberculous appearance in the second roentgenogram, whereas eight (6%) changed their char- 
acter to produce typical massive shadows of complicated pneumoconiosis. Of those which 
retained their tuberculous character, 54% advanced, but only 8% to a moderate or severe degree. 
In the presence of simple pneumoconiosis, therefore, the progression rate of tuberculosis is 
apparently retarded. It is suggested that progressive, massive fibrosis, characteristic of compli- 
cated pneumoconiosis, is in itself a modified form of tuberculosis occurring in a lung already 
affected by simple pneumoconiosis. 


Leap POISONING IN THE PAINTING INDUSTRY. W. SCHWEISHEIMER, Canad, Paint & Varnish 
Mag. 24:11, 20, 40, 1950. 
The dangers of Pb poisoning may have been exaggerated, but some cautions for the painter 


are noted. W. H. Boynton [Cuem. Asst.] 
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Pneumoconiosis: A HistoLoGicAL SURVEY OF NECROPSY MATERIAL IN 1,205 Cases. S. R. 
Gioyne, Lancet 1:810 (April 14) 1951. 


Necropsies were performed on the cadavers of 1,205 workers, 394 of whom were pottery 
workers, 302 coal miners, 132 asbestos workers, 103 stonemasons and quarriers, 102 iron- and 
steel-foundry workers, metal grinders, and sandblasters of metal castings, and 172 workers 
following miscellaneous occupations. Most of the deceased persons had been in the same 
occupations for the greater part of their lives. The majority of the workers were men. 
Women were met with to any great extent only in the pottery and asbestos industries. 
Twelve hundred forty-seven lungs, or portions thereof, were examined microscopically for 
pulmonary diseases that might be attributed to the inhalation of dust. The dusts responsi- 
bie for disease were free silica, various silicates, clays, emery, iron, and various kinds of carbon. 
Most of the workers were exposed to risks arising from mixed dust. Forty-two of the 1,247 
lungs were not taken into account, because of inadequate data. Of the remainder, pneumono- 
coniosis was not found in 169 but was present in 1,036, with silicosis in 796 and with other 
forms of pneumonoceniosis in 240. Of the patients in the latter group, 50.4% had asbestosis 
and 40.8% the dust-reticulation type of lesion; of these 81.6% were coal miners. Four hundred 
and forty-five of the 1,036 workers (42.95%) had pulmonary tuberculosis also and 80 (7.7%) 
had primary cancer of the lung. 

Silicosis thus was the commonest form of the disease. Its characteristic whorled nodule of 
reticulin and collagenous fibers was best seen in the lungs of stonemasons and quarriers, where 
admixture of silica and carbon dusts was less common than in other groups, but the nodule 
was present in all cases in which silicosis was diagnosed. It was found in both discrete and 
conglomerate forms in the usual peribronchial, perivascular, subpleural, and interlobular sites, 
where the small lymphoid follicles, which are inconspicuous in the normal lung, arrest the 
silica particles, and it was the essential component of the massive fibrotic nodules which are 
so characteristic a feature of the roentgenogram. With age the fibers of this whorled nodule 
became more hyaline and less permeable to aniline dyes, but the nodule remained a diagnostic 
feature of the silicotic lung to the end. 


The fact that in this pneumonoconiosis series 21% of the cases of silicosis, 13.5% of those 
of tuberculosis, and 7.5% of those of cancer of the lungs were diagnosed only on micro- 
scopic examination emphasizes the rule that a histological examination should never be omitted. 


CapMiuM PorsontinG: Report oF A Case. E. G. McQueen, M. J. Australia 1:441 (March 
24) 1951. 


Cadmium poisoning of a male spot-welder is presented because it indicates that chronic 
pulmonary disease may arise from repeated inhalation of cadmium fumes. The patient had 
recurrent episodes of acute cadmium poisoning with nausea and vomiting plus “flut-like” symp- 
toms several times over a seven-year period while spot-welding cadmium-coated metals. After 
seven years he presented cyanosis, persistent dyspnea on exertion, increased lung markings, 
enlargement of the pulmonary conus by x-ray photograph, and right axis deviation by electro- 
cardiogram. 

Patterson had previously reported experimental evidence (in rats) that cadmium oxide 
poisoning may give permanent lung damage, with continuing fibroblastic proliferation eventually 
resulting in pulmonary fibrosis. 

This case is reputed to be the first instance of chronic pneumopathy caused by repeated 


cadmium exposures and serves to indicate this added hazard. PUR ee ere 


EryTHEMATOUS DERMATOSIS OF FisH WorKERS. M. Nun, Arch. mal. profess. 12:187 (No. 2) 
1951. 


Nun reports on an erythematous dermatosis occurring with mild edema on the palm and 
lower surface of the fingers of women workers employed for the cleaning of mackerel in French 
fish canneries. The lesions are extremely painful and are accompanied sometimes by fissures 
with hemorrhagic effusion, but blisters and ulcers do not occur. Dressings are required, and 
the disease may be a cause of absenteeism. This dermatosis appears every year about the second 
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half of the mackerel fishing season, particularly immediately after that season, and seems to be 
caused by contact with the gastric contents of the fish. The gastrointestinal contents were 
examined at different periods and showed predominance of vegetable plankton (Diatomaceae) 
at the beginning of the fishing season during the egg-laying period when the mackerel is not 
voracious, with gradual change in April and May to animal food (Crustacea). The aspect of 
the gastrointestinal tract also changes; the size of the stomach and intestines increases, while 
their walls become very thin, and the latter acquire a red-orange transparent color and are 
very fragile. It is at this time that the dermatosis occurs, and it lasts until the end of the 
canning season, as long as the workers are in contact with the fish viscera. Spontaneous cure 
ocurs when work is discontinued or when the workers are given a different kind of fish to 
clean. Besides, after the mackerel were delivered clean to the factories for canning, no derma- 
tosis was reported among the women doing the canning. There were no reports of dermatosis 
among the fishermen who had done cleaning. Barrier creams were used during the 1950 
mackerel-canning season and proved effective in preventing the cutaneous lesions, while the 
same lesions occurred on the hands of the women workers who did not apply the cream before 
work. 


STREPTOMYCIN AND PARAAMINOSALICYLIC AcID IN THE THERAPY OF AcTivE TUBERCU- 
Losts ASSOCIATED WITH PULMONARY SiLicosts. A. and C. Lusarpt, Med. 
lavoro 41:268 (Oct.) 1950. 


Boselli and Lusardi administered streptomycin and paraaminosalicylic acid to 23 patients with 
active pulmonary tuberculosis associated with silicosis, some with and some without cavitation. 
In 14 of these patients pulmonary tuberculosis developed after pulmonary silicosis, whereas 
nine patients had pulmonary silicotuberculosis. Streptomycin and paraaminosalicylic acid were 
given in daily doses which varied between 0.5 and 0.8 gm. and between 0.5 and 10 gm., 
respectively, for an average period of three or four months. Good results were obtained in 12 
of the 14 patients with pulmonary tuberculosis without cavitation added to silicosis and in four 
of the nine patients with silicotuberculosis without cavitation. In the remaining patients, who 
were the ones with cavitation, the results were partial and transient. The authors concluded 
that the combined streptomycin and paraaminosalicylic acid treatment is of great value in pul- 
monary tuberculosis without cavitation added to silicosis and that in noncavitary forms of silico- 
tuberculosis the response to the treatment is favorable, but that the therapy is of no value in 
cavitary forms. 


SILICOSIS AND TUBERCULOSIS IN STEEL FouNpRIES. ENNIO ZANETTI and MARIANO Dompé, 
Med. lavoro 41:321-368 (Dec.) 1950. 


After a short review of the various working processes of a foundry, results of researches 
on the incidence of silicosis and tuberculosis from 1940 to 1948 in 13,560 workers employed in 
33 steel foundries are presented. 

Pulmonary changes caused by dust (reticulation and silicosis) were noted in 10.52% of the 
cases, subdivided as follows: reticulation, 8.03% ; nodular silicosis, 1.68% ; confluent and massive 
silicosis, 0.59% ; silicosis with associated active tuberculosis, 0.21%. 

Tuberculous lesions (probably active and possibly active forms) were observed in 2.75% 
of the cases. 

Silicosis was found to be more frequent in the sandblasting, shakeout, and removal of core 
sand operators. . 

Tuberculosis, was more frequent in occupations involving greater exposure to the silica dust. 
The highest incidence of silicosis and tuberculosis was among relatively aged workers (over 50) 
and among those with the longest working periods (over 20 years). 

Clinical, roentgenological, and technical investigation demonstrated concordantly that in the 
molding shop there was a predominance of lesions which are known as “foundry lung,” while 
in the knocking-out shop silicosis and silicotuberculosis are often observed. 

Several suggestions of a technical nature are made for reducing the dust in the various 
processes, and of a medical nature, on the necessity of periodical miniature x-ray photographs 
and clinical examination of the pulmonary conditicns of the workers. 


ADAPTATION OF ENGLISH SUMMARY. 
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MECHANISM OF PENETRATION OF INHALED Dust PARTICLES INTO THE PULMONARY INTER- 
stices. GracomMo Morttura, Med. lavoro 42:1 (Jan.) 1951. 


The question whether dust particles penetrate from the alveolar aid into the pulmonary 
interstices and thence into the draining lymph is discussed. 

The bibliographic data and the results of personal observations increase the importance of 
penetration of free particles in respect of their being transported by migrant phagocytes. 

The interstitial fluid of the alveoli and of the alveolar ducts must be considered as con- 
nected to the structures of the reticular connective tissue. Canalized lymph exists only at the 
level of the fibrous connective tissue which accompanies the precapillary and postcapillary 
blood vessels, the bronchiolar structures, and the interlobular septa. Along the space between 
the surface of the alveolus and the source of the lymphatic vessels, the particles of inert and 
also, for the most part, quartz dust are probably transported by the flow of interstitial fluid, 
without any manifest participation of migrant phagocytes. 


ADAPTATION OF ENGLISH SUMMARY. 


RENAL FUNCTION IN SiLicotic Patients. GiuLio Sarita and Oscar ZAvaGLia, Med. lavoro 
42:41 (Feb.) 1951. 


Renal function was studied in 14 patients who were seriously silicotic and 6 silicotuberculous 
patients in recent histopathological research on the kidneys of persons suffering from these 
diseases. A process of storage of protein and lipidic substances was demonstrated. The most 
frequent alterations were found to be lipoiduria (100% of the cases), deficit on the dilution test 
(50%) and on the concentration test (45%), albuminuria (20%), reduction of chloremia (15%), 
increase in azotemia (40%), and reduction of cholesteremia (30%). In all the cases studied, 
also, turbidity and flocculation tests gave positive results indicative of some degree of dys- 
proteinemia. 

In choosing the cases, as far as possible those of patients with renal diseases which might 
influence the results of the tests were excluded. While some findings, such as hypochloremia 
and hypocholesteremia cannot be taken, in the cases under examination, as an expression of renal 
disturbances, the others demonstrated the existence of the silicotic process. As far as the 
pathogenic mechanism is concerned, three possibilities are suggested: that the signs of renal 
impairment are an indirect consequence of pulmonary silicosis on account of the coexistence of 
latent cardiac insufficiency ; that they are due directly to the renal elimination of silicon dioxide ; 
that they are due to a process of nephrothesaurosis secondary to the dysproteinemia and to 
the activation of the proteinopoietic mesenchyma; such activation has been demonstrated in 
silicosis by Pecchiai. The last mechanism seems the most suitable to explain the clinical and 


pathological data. ADAPTATION OF ENGLISH SUMMARY. 


BRONCHOALVEOLAR STRUCTURE AND THE DISTRIBUTION OF LESIONS OF PNEUMOCONIOSIS. 
Giacomo Morttura, Med. lavoro 42:81 (March) 1951. 


Pulmonary deposits of inactive dusts are electively attached to the adventitial connective 
tissue of the respiratory (alveolar) bronchioli and of the distal branches of the pulmonary artery. 
In the same site, corresponding with the axis of the lobulus, the silicotic nodules preferably 
occur. Silicotic sclerosis develops also in laminar form in the perilobular septa, in relation to 
the venous adventitial sheaths. Sclerotic strands in silicosis connect the axial lesions to the septal 
ones, following the adventitial tissue of the radial vascular pathways of the lobulus. 

This must be understood as being the effect of deviation of the lymph toward the periphery 
of the lobulus, when its more direct course along the axial pathways is impeded. 

The elementary silicotic changes are in relation to the deficient lymphatic drainage of the 
dust, which stagnates in the radicular connective tissue of the lymphatic pathways, not in the 
actual lymphatic channels themselves. In this connective tissue the dust gives rise to an inter- 
stitial hyperplastic reaction of histiocytic and fibrillary nature, which further aggravates the 
impediment to the transmission, until it determines the sprouting of the processes into the 
collateral pathways. 
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The nodular and the laminar form of the silicotic lesions are determined by the structures 
which guide the interstitial flow of the lymph, either concentrating it in one point of the lobulus 
axis (where the silicotic nodule is formed) or dispersing it along the septal connective tissue 


(where the laminary sclerosis is formed). ADAPTATION OF ENGLISH SUMMARY. 


SEVERE FIBROSIS OF THE LUNG In CoRUNDUM SMELTERS. J. HAGEN, Ztschr. ges. inn. Med. 
5:31, 1950. 


Hagen reports 25 cases (11 being fatal) of severe pulmonary fibrosis in men employed at 
the smelting ovens where bauxite or pure calcined alumina is processed to a fine corundum. 
These oven workers were exposed to corundum dust for protracted periods. Corundum contains 
a proportion of aluminum oxide (Al:Os) up to 99.3%, together with small quantities of the 
oxides of iron, silicon, titanium, and sodium, At certain stages of the smelting process the 
atmosphere is very hot. 

It is suggested that this condition is a new industrial disease, for the men so injured were 
exposed not to aluminum metal but to its oxide. The question whether or not lung damage is 
caused by the inhalation of aluminum dust is considered, and the literature is reviewed. The 
pulmonary condition is referred to as the aluminum lung. The clinical signs and the radiological 
findings in the 25 cases reported here closely resembled those described by Goralewski and 
others who recognized the aluminum lung: 1. The disease was of acute onset and made very 
rapid progress. 2. The clinical signs did not correspond to the radiological picture. 3. In many 
cases a spontaneous pneumothorax developed. Radiography revealed a fine network of shadows 
with a marked tendency toward shrinkage or collapse of the air cells, in contrast to the nodular 
appearance in silicosis. Histological sections taken at necropsy showed changes typical of the 
aluminum lung, thickening of the alveolar walls and a tendency toward obliteration of the 
alveolar spaces by the increase in fibrous tissue. There was, moreover, in contrast to silicosis, 
no definite sclerosing fibrosis of the hilar lymph nodes. The pigment in the lungs was found to 
consist principally of aluminum oxide. Three cases are described in detail, and roentgenograms 
are reproduced. The pathology of the condition is discussed. The first known illness began in 
1942; the first case was reported in 1945. In Germany, in 1947, as a result of these reports, pul- 
monary disease caused by aluminum and its compounds was included in the list of occupational 
diseases for compensation. 

Active pulmonary tuberculosis was present in 5 of these 25 cases. 


M. A. Dossin Crawrorp [Brit. J. Indust. Med.]. 


Industrial Toxicology 


OccuPATIONAL POISONING BY TRICHLOROETHYLENE. SveN ForssMAN, Arhiv hig. rada 
1:257, 1950. 


Trichloroethylene is widely used as a solvent in various industries. Among the chlorinated 
hydrocarbons it is one of the least toxic. 

Inhalation of trichloroethylene vapors may cause both acute and chronic intoxications. The 
symptoms of the acute intoxication are slight irritation of the mucous membranes, dizziness, 
headache, and fatigue, later unconsciousness, and in severe cases, death due to medullary 
paralysis. 

A worker who is daily exposed to a sufficient quantity of trichloroethylene fumes may be 
chronically more or less strongly affected, the slight intoxication manifesting itself as fatigue, 
sleepiness, and so forth. If, however, the exposure comes to an end, the symptoms soon dis- 
appear. Even if the exposure is repeated daily for years, with almost constant symptoms, these 
should scarcely be designated as those of chronic poisoning but as symptoms of repeated slight 
acute poisonings or “chronic trichloroethylene effect.” 

In certain cases, however, the symptoms remain for some time after the exposure has come 
to an end. Probably only these cases are justly to be designated as instances of chronic poisoning. 

A part of the trichloroethylene absorbed is excreted with the urine as trichloroacetic acid. 
In the urine from exposed workers concenirations as high as 500 mg. of trichloroacetic acid 
per liter of urine are not unusual. There is probably a relation between the degree of intoxication 
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and the concentration of trichloroacetic acid in the urine in continuously exposed workers. The 
urinary concentration thus seems to be a valuable indicator of the degree of exposure. 

The constant trichloroethylene exposure which gives rise to an excretion of trichloroacetic 
acid of less than 20 mg. per liter of urine does not entail, or entails only in exceptional cases, 
definite trichloroethylene effects, whereas with urine values of over 20 mg. per liter one sees 
such effects in an increasing percentage of instances directly proportional to the excretion. Thus, 
with values of 40 to 75 mg. per liter, such effects occur in about half of the cases, and with an 
excretion exceeding 100 mg., trichloroethylene effects are very common. In cases with more than 
200 mg. per liter of urine the symptoms may be of such intensity that sick leave may be neces- 


sary. Preventive measures are described. On 


OBSERVATIONS ON OcCUPATIONAL MERCURY POISONING IN THE MINEs OF IpRIA (1946-1950). 
Ivan Hrrpernik, Arhiv hig. rada 1:291, 1950. 


1. A brief outline is given of the processes of the mining and smelting of mercury ore (found 
in Idria as cinnabar [HgS] in dolomite or as metallic mercury in bituminous shale). The 
author points out that the working places most dangerous with regard to poisoning are the 
digging fields in bituminous shale, the smelting furnaces, the pressing of “soot” (a mixture of 
mercury droplets and fuel remnants), and especially the condensation plant during cleaning, 
which is performed once a month, and also chimneys and condensers during cleaning, which is 
performed once a year. 

2. The mercury enters the human organism through the respiratory tract as vapor or mineral 
dust contaminated with metallic mercury, through the gastrointestinal tract, or through the skin. 
The author has found in Idria no cases of acute poisoning but only cases of subacute, chronic, 
or chronic-stationary poisonings. These stages cannot be precisely differentiated. There is a 
detailed description of the clinical picture of each of the aforementioned stages of poisoning. The 
characteristic symptoms of subacute poisoning are stomatitis, gingivitis, salivation combined with 
mercurial erethism, and tremor. 

3. The records show that in 1946 there were 81 cases of poisoning (in 7 of which it was 
severe) ; in 1947 the number of cases dropped to 27; in 1948 it rose to 51, and in 1949 to 91. 
The first half of 1950 shows 59 cases. The causes of these variations in number of poisonings 
are treated by the author. 

4. The following preventive measures are foreseen at present: increased general ventilation 
and a permanent changing of workers at dangerous places. The working time for each man at 
any of the dangerous places is limited to six hours a day three days a week. Such safety 
measures are not satisfactory, and it is hoped that the problem may be solved by providing 
respirators against mercury vapor and introducing wet methods of drilling very soon. 


ADAPTATION OF ENGLISH SUMMARY. 


Medicine and Surgery 


Tue Mepicat Aspects OF THE INDUSTRIAL HyGIENE ProGram. J. H. Sterner, Chem. & 
Engin. News 29:1399 (April 9) 1951. 


Sterner outlines and illustrates the role played by the physician as a member of the indus- 
trial hygiene team in investigating and evaluating the toxic manifestations of both known and 
new industrial agents. 

The various methods and studies discussed illustrate the problems in establishing standards 


for safe and reasonable industrial operation. Anxotp A. Lear, Boston. 


TREATMENT OF HyprRoFLvuoRic Acip Burns. R. H. Date, Brit. M. J. 1:728 (April 7) 1951. 


A severe hydrofluoric acid burn of the hand occurred in a woman who was employed at 
etching the graduations on glass measuring tubes, using a 60% aqueous solution of hydro- 
fluoric acid. The work was done in fume cupboards in a quiet part of the factory. Rubber 
gloves and an apron were worn. Each cupboard was closed between applications by means of 
a foot pedal. In some way the right glove became perforated without the worker’s knowledge, 
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and a quantity of acid entered the glove. It was thought that about four minutes passed before 
she noticed pain in the hand. The hand was then washed in a warm saturated solution of 
sodium bicarbonate. Magnesium oxide paste was massaged into the hand and fingers. The 
woman was rushed to the hospital and calcium gluconate solution was injected into and under 
the coagulum. After the injection, magnesium oxide cream was again applied. The pain was 
not relieved by the treatment. The hand was grossly swollen, as were the fingers. The 
appearance suggested complete ischemia of the digits, possibly due to vasospasm. The three 
medial fingers were necrotic, the condition being probably due to deep penetration of the acid. 
The depth to which the palm had been penetrated by the acid was uncertain, but there was at 
least full-thickness destruction of the skin. More calcium gluconate was injected and mag- 
nesium oxide cream applied, but the treatment was ineffective. On the sixth day after the 
accident the whole of the slough on the palm of the hand was excised under general anesthesia. 
An immediate split-skin graft was applied to the palm. The fingers were left at this stage and 
it was believed that more digital tissue might be saved by waiting for clear demarcation. The 
palmar graft took surprisingly well. On the 38th day the demarcation of the sloughing tissues 
was clear. The necrotic portions were removed, and the stumps were closed with split-skin 
grafts. Healing was almost complete in 60 days following the accident. The wide, mobile 
palm, ensured by the early excision and grafting, proved a great asset. 

The extreme penetrative power of hydrofluoric acid and the deep necrosis which it causes 
are not yet adequately explained. 

In treatment it is imperative that the solution of calcium gluconate be injected early and 
thoroughly into and under the coagulum, but a general anesthetic would have been necessary 
for adequate injection in the case reported. The instructions for treatment should be amended 
with the statement that a 10% solution of calcium gluconate must be injected into and beneath 
the coagulum throughout the whole burned area and that the injection should be given with the 
patient under local or general anesthesia as required. It must be borne in mind that the 
injection of calcium gluconate solution can produce sufficient pressure to endanger the circula- 
tion and may lead to necrosis. Once the active progress of the burn has been controlled there 
is much to be gained by early excision of the slough and application of free grafts. 


Environmental Conditions 


THe Rove oF Particle IN EXPERIMENTAL AtrR-BoRNE INFECTION. 
Sonkin, Am. J. Hyg. 53:337 (May) 1951. 


Aerosols containing type-1 pneumococci or group-C beta hemolytic streptococci were sprayed 
into a dynamic flow chamber by means of an adjustable peripheral-jet atomizer. The particle size 
was varied by changing the atomizing air pressure, incorporating a nonvolatile solute, glycerol, 
into the culture, or by spraying suspensions of bacteria in a dilute solution of glycerol in water. 
During each experiment a “cascade impactor” sample was taken to determine the concentration 
and distribution of bacteria in particles of different sizes. Groups of mice were exposed to the 
mists, and the magnitude of each exposure was determined by multiplying the analytical con- 
centration and the time of exposure (Ct). The mortality of animals exposed to different C?’s 
in the various particle-size ranges was then recorded, and, in addition, those which died after 
being exposed to mists of streptococci of group C were examined for the characteristic lesions 
of upper or lower respiratory tract infections produced by these micro-organisms. 


LAWRENCE S. 


Results showed that lower respiratory tract infections following inhalation of the group-C 
beta hemolytic streptococci were due mainly to particles smaller than 1.8 # in diameter. The Ct 
had to be raised about 10,000 times to kill 50% of the animals as the median diameter of the 
bacterial particles was increased from 1 to 12 #. The incidence of upper respiratory tract 
infections was affected to a much smaller extent by changing the particle size; aerosols having 
a median particle diameter in the vicinity of 1 # were about 50 times as lethal as those having 
a 12 » median particle diameter. Pulmonary infections occurred much more readily than 
upper respiratory tract lesions after mice inhaled aerosols, with exception of the coarsest aero- 
sols. Mice were relatively resistant to infection by inhalation of aerosols of type-1 pneumococci 


in all particle-size ranges. ae 
ang ADAPTATION oF AUTHOR'S SUMMARY. 
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METEOROLOGY AND INDUSTRIAL HyGIENE. Epwarp M. Brooks, Am. J. Pub. Health 
41-11:548 (May) 1951. 


This paper begins with a brief discussion of air contamination occurring inside industrial 
plants; most of the article, however, deals qualitatively with the relationship between mete- 
orological conditions and atmospheric pollution. : 

The effects of wind speed and turbulence on the concentration and the volume of the effluent 
from industrial stacks are reviewed. When a large number of sources of pollution are active, 
it is more feasible to consider the total pollution than to try to find the individual effects and 
obtain their sum. With information on wind speed, turbulence, and thermal stability in addi- 
tion to a knowledge of the terrain and the general weather pattern, one can anticipate when and 
where pollution is likely to occur. The circumstances tending to produce a serious pollution 
problem are pointed out by tracing the conditions which prevail during a typical sequence of 
weather. 


SHELDON K. FRIEDLANDER, Brookline, Mass. 


Tecunopatuic Errects oF Hot anp Humip ENVIRONMENT IN WorKERS. A. AMORATI, d 
E. Mucci and F. M. Trots1, Med. lavoro 41:257 (Oct.) 1951. ; 


Amorati and collaborators conducted examinations on 100 workers of both sexes working i 
a in a hot and humid environment in macaroni factories. Most of the workers had been at work 4 
for 1 to 20 years. Resistance to the heat and humidity was the same in men as in women. t 
None of them complained about rheumatic pain. The authors report that working in the 
environment described caused either functional or pathologic disorder in 33% of the workers. ‘ 
Arterial hypertension, moderate systolic murmurs, and disorders of the colioidal equilibrium 


were found, respectively, in 24%, 26% and 15% of the workers who had been at work for a 
few years. These disorders diminished in acuteness as the workers became accustomed to 
their environment, and disappeared entirely in time. Workers who had been at work for 
several years exhibited renal functional disorders and diminution of the alkali reserve. A fixed 
period of years of work for the aforementioned changes has not as yet been established. Indi- 
vidual reactivity to the environment and the living conditions plays a role in the development 
of the changes. Although these changes arising from their work had not diminished the 
working capacity of the men and women examined, these workers should have the privilege of } 
medical supervision and treatment. 


ENVIRONMENTAL WARMTH AND VENTILATION, AND THEIR EFFECTS ON THE INDUSTRIAL 
Worker. Tuomas Beprorp, Arhiv hig. rada 1:316, 1950. 


The author reviews recent work on environmental warmth and ventilation in industry. The 
following topics are discussed: measurement of environmental warmth (measurement of 
thermal variables, scales of warmth); warmth and comfort (reliability of scales of warmth, 
the winter and summer comfort zones, the influence of individual thermal factors on comfort, 
sources of discomfort); pleasant environments (effects of atmospheric conditions, effects of 
radiant heat, local sensations of warmth and cold, temperature gradients, atmospheric electricity, ; 
physical requirements for satisfactory heating and ventilation); warmth, work, and safety i 
(working efficiency and atmospheric conditions, effects of heat on mental efficiency, limiting 
conditions or physical work, atmospheric conditions, and accident liability) ; atmospheric condi- 
tions and sickness (effects of air conditioning, effects of adverse temperatures, effects of inade- 
quate ventilation, effects of atmospheric pollution, air treatment, and the spread of respiratory 
infections). AvuTHor’s SUMMARY. 


Determination of Air-Borne Contaminants 


METHODs FOR THE DETECTION OF Toxic GasEs In INDUsTRY. Department of Scientific and 
Industrial Research Carbon Monoxide Leaflet No. 7, 1950, ii-6. 


A new method of estimating small amounts of carbon monoxide in the atmosphere has been " 
adopted as the standard method for industry, superseding, on account of its greater simplicity : 
and greater sensitivity, the older methods of carboxyhemoglobin reaction, the “hoolamite” test y 
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(iodine pentoxide) and the palladium chloride test paper reaction. This new “potassium pallado- 
sulfite reaction” depends on the reduction of potassium palladosulfite to metallic palladium and 
makes use of an indicator tube in which the active reagent is potassium palladosulfite impreg- 
nated on silica gel. 

The “industrial” double-end type of tube contains a column of the yellow reagent placed 
between two sharply defined columns of plain silica gel; 120 ml. of the gas being tested is drawn 
at the rate of 1 ml. per second by means of a portable self-contained aspirator through the plain 
silica gel, where condensable vapors are removed, and then through the reagent. If carbon 
monoxide is present, a dark-brown stain, whose length is a measure of the concentration, appears 
in the yellow material, commencing at the junction of the two columns. The tubes are calibrated 
against known concentrations of carbon monoxide, and each batch bears a label on which is 
stated the length of stain produced by given concentrations. 

The presence of other gases and vapors usually found in association with carbon monoxide 
in industry, such as nitrous fumes, sulfur dioxide, and saturated and unsaturated hydrocarbons, 
does not interfere with the reaction. Hydrogen sulfide and phosphin produce stains similar to 
that given by carbon monoxide, but if the true concentration of CO is required, they can be 
removed by passing the sample through a separate tube containing silica gel impregnated with 


silver acetate. Ernet Browninc [Butt. Hye.]. 


Pottution., Louis C. McCase, Indust. & Engin. Chem. 43:89A (April) 1951. 


Tests by A. J. Haagen-Smith, of the California Institute of Technology, indicate that the Los 
Angeles smog results from oxidation of organic compounds in the air. This organic material, 
mostly hydrocarbons, is oxidized by ozone, by the action of oxygen and sunlight, and by the cata- 
lytic action of the nitrogen dioxide and nitrogen oxide cycle releasing atomic oxygen under the 
influence of sunlight. Peroxides, aldehydes, and acids are produced, and aerosols are formed 
which decrease visibility, irritate the eyes, and cause crop damage and cracking of rubber. In 
addition, side reactions such as the adding of the nitrogen oxides to the double bonds may occur, 
producing aerosols which act as eye irritants. Similar reactions probably cause oxidation of 
sulfur dioxide, although this source of pollution and that of metallic dusts have been reduced 
greatly by the cooperation of industry and enforcement agencies. 


SHELDON K. FRIEDLANDER, Cambridge, Mass. 


A METHOD ror DETERMIN:NG BENZENE AND TOLUENE IN MIXED SOLVENTS AND IN AIR. 
R. Fasre, R. Trunavut, and M. Peron, Ann. pharm. Franc. 8:613-626, 1950. 


To solve the problem of separately determining benzene and toluene when they were present 
simultaneously in a solvent or in the atmosphere, the authors employed the color reactions given 
with butanane in an alkaline medium by the m-dinitro derivatives of the hydrocarbons, reactions 
which Schrenk, Yant, and Pearce had formerly applied for the quantitative determination of 
these substances without regard to their discrimination. 

The technique of double determination recommended by A. and R. Fabre has been simplified 
by the use of a special alkaline-saline reagent which permits benzene and toluene to be 
determined separately, with an error below 5%, without the necessity of using a double nitration. 

By the preliminary ether extraction of products resulting from the ‘nitration, followed by 
the taking up of the residue of ether extraction with butanane, the majority of the side 
colorations due to other compounds occurring with benzene and toluene are avoided. 

On the basis of the data thus established, the authors indicate in detail a technique for 
determining benzene and toluene in complex solvents, as well as its application to air analysis. 


R. Trunavut, Paris, France. 


Ventilating, Air Conditioning and Engineering Control 
Keep It Crean. Ropert H. Avery, A. I. H. A. Quart. 12:15 (March) 1951. 


Avery reviews the duties of the industrial hygiene engineer in detecting and correcting health 
hazards and discusses engineering-control methods and the selection of dust-collection apparatus 
on the basis of permissible stack effluents and equipment costs. R. Dennis, Boston. 
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UNDERGROUND VENTILATING Fans. A. N. DonaLpson, Univ. Durham King’s Coll. Min. Soc. 
J., 1949, pp. 13-29. 


The paper is concerned with the fans used for the local improvement of ventilation under- 
ground. Auxiliary fans are those dealing with only a fraction of the total air of a district, and 
are used to drive air along steel or canvas tubing to supply air to drifts and headings or to 
room and pillar workings. Booster fans, on the other hand, are commonly installed in series 
with the surface fan to improve the ventilation of a complete district or of a ventilation split. 

The efficiency of auxiliary fans is largely governed by the condition of the tubing used with 
them. If this is poor, a good fan will give a poor performance. It is false economy to use tubes 
of too small diameter. The screw fan is ideal as an auxiliary fan because of its high mechanical 
efficiency, flexibility of capacity, and ease of transportation from place to place. 

With booster fans, care should be taken in the choice of the fan site. Solid ground should 
be chosen so as to avoid risk of losses through leakage. Care in the choice of fan location is 
especially important if the fan is designed for high pressures. The use of modern fans with 
variable-pitch blades will help to overcome many troubles arising from the difficulty of estimating 
fan resistances. 

The author reinforces his points by quoting many interesting data obtained from underground 
Tuomas Beprorp [Butt. Hyc.] 
VENTILATION: I. RemovaL or SHor Fumes From a Heapinc. II. Mopern Firepamp 


Inpicators. R. Lorson, Centre Etud. Recher. Charbon. France. Note tech., Nov., 1949, pp. 
72-99. 


The first part of the paper deals with the problem of removing from a heading the fumes 
produced in shot-firing. In studying this problem the concentrations of carbon monoxide at 
numerous points in the gallery are determined at different times. Carbon monoxide is the 
constituent of the atmosphere chosen because of the precision and facility with which it can be 
measured. From the results of such measurements one can ascertain the way in which the fumes 
spread from the working face, and the concentration can be related to the size of the explosive 
charge. Die-away curves are plotted to show the slow rate at which fumes are dispersed from 
the neighborhood of the face by natural diffusion, and other curves of similar type show the 
rapid clearance of a heading with the use of secondary ventilation. Secondary ventilation is 
markedly more effective when air is blown into the heading than when exhaust fans are used. 

In the latter half of the paper recent firedamp indicators are described. These are the 
M.S.A. W.8 detector and the Léon-Cerchar apparatus. In each of these the essential element 
is a platinum wire which forms one arm of a Wheatstone bridge. Detailed information about 
the two instruments is given. The Léon-Cerchar instrument is an improvement on the old 
Léon Montlucgon indicator, and the advantages of the new instrument over its predecessor are 
summarized. The M.S.A. W.8 seems to be the better instrument. 


Tuomas Beprorp [Butt. Hyc.]. 


DISINFECTION OF AIR BY PULVERIZATION AND EvaporaATION OF Lactic Acip. V. IL. VAsH- 
Kov, A. K. Astar’eva and R. M. GinzpurcG, Gigiena i sanit., 1950, no. 9, pp. 40-44. 


The introduction of a vapor or a spray of 10 mg./cu.m. lactic acid is sufficient for disinfection 
of the atmosphere at any relative humidity. A 15- to 20-minute exposure is sufficient (test with 


Staphylococcus) and was well borne by white mice. G. M. Kosorarorr [Butt. Hye.] 


Accidents and Their Prevention; Protective Equipment 


Heattu Hazarps IN THE MANUFACTURE OF NEON SiGns. D. B. Dickson and Otto 
Pacanint, A. I. H. A. Quart. 12:25 (March) 1951. 


The authors present the results of a survey of 21 neon-sign shops in two Texas cities. 
Descriptions of sign fabrication and associated health hazards are furnished. Mercury, beryllium 
phosphors, nitric and hydrofluoric acids, high radiant temperatures, and spray painting constituted 
the primary health hazards. High voltages presented a major safety hazard. Most shops were 
small and poorly ventilated, exhibited poor housekeeping, and were lacking in proper sanitation 


facilities. Appropriate corrective measures are described. 
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Sarety. V. R. Croswe tt, Indust. & Engin. Chem. 43:95A (March) 1951. 


Five per cent of the injuries resulting in lost time in industry are to the eyes. This type of 
injury is one which can and should be prevented. In most cases goggles are an effective protec- 
tion, but in welding and abrasive blasting helmets, shields, or hoods are required. Goggles are 
heavy, reduce the range of vision, and may fog; much research has been devoted to minimizing 
these disadvantages. Hardened glass lenses with plastic frames and wide-angle goggles and 
face shields of slow-burning plastic are in use. For protection against the radiant heat of blast 
furnaces, face shields of fine-mesh steel screen are available. Of course, eye protectors must 
be worn to be effective. The worker must be convinced that the device is necessary, efficient, 


and not too uncomfortable. SnHEtpon K. Frreptanper, Brookline, Mass. 


Eye EMERGENCIES IN INDUSTRY. ARTHUR ALEXANDER Knapp, J. A. M. A. 146:12 (May 5) 
1951. 


The physical characteristics of the area of the eye aid in the prevention of damage to the eye 
itself ; however, anteriorly the globe is more exposed, and more of the results of traumatism are 
found in this region. 

The types of accidents which may be expected in industry are flying bodies, 80% ; tools or 
parts of machinery, 8%; splashing liquids, 7%; explosions, 2.5%; falls, 2%; infection, 0.5%. 
Once the eyeball proper has been injured without being destroyed, particular attention must be 
given to the ciliary body. Trauma to it may result in sympathetic ophthalmia and the loss of 
both eyes more frequently than trauma to any other part of the globe. 

Ocular emergencies may involve the adnexa of the globe or both. Correct and immediate 
attention to prevent or control potential infection of the body is indispensable to an uneventful 
recovery. With all eye emergencies, the psychogenic factor demands much attention. 

Emergencies involving the adnexa of the eye include (1) ultraviolet ray burns, (2) chemical 
burns, (3) foreign bodies, (4) wounds, and (5) allergies. Methods of treating each kind are 
described. 

Emergencies involving the eyeball are similar to the above, but specific treatment will differ 
somewhat. They also are given. In addition, the author presents a case to demonstrate that 
partial industrial blindness due to traumatic chorioretinitis may be entirely cured, with the 
return of normal vision. 

The article concludes with a discussion of ocular allergy, the diagnosis of which (he says) 


is usually easy. J. Boston. 


OccupaTIONAL InjuRIES Causep By ELectriciry. (IN Ake NystrOm, Arhiv 


hig. rada 1:283, 1950. 


The present investigation has shown that accidents due to electric current cause a great 
number of deaths and give rise to a high percentage of invalidism. A long period of hospitaliza- 
tion has as a rule ensued. Both from the social standpoint and from the point of view of occu- 
pational hygiene it is a matter of pressing urgency to reduce these figures if possible. The 
investigation carried out points to the adoption of more effective precautionary measures of 
various kinds. As regards the burns, the possibilities of preventive measures seem to be fewer. 
Injuries of the kidneys caused by electric current are, it is true, few, but they are as a rule 
dangerous to life. It should, however, be possible to reduce the deaths in these cases by applying 
an effective alkali therapy. 


ADAPTATION OF ENGLISH SUMMARY. 
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News and Comment 


MEDICAL MOTION PICTURES 


A revised catalogue of motion pictures available through the Committee on Medical Motion 
Pictures of the American Medical Association is now ready. Copies will be sent to the secretary 
of each county and state medical society. This catalogue lists 62 16-mm. films, most of which 
are at the professional level. Fourteen of these films are suitable for showing to lay groups. 
Eight new films have been added. Copies are available upon request from the Committee on 
Medical Motion Pictures, American Medical Association, 535 No. Dearborn St., Chicago 10. 


NOTICES 
MEETING OF AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 

The 118th Meeting of the American Association for the Advancement of Science, the annual 
meeting for 1951, will be held at Philadelphia, Dec. 26 to 31, 1951. It will include programs of all 
18 of the Association’s sections and about 45 participating societies. Focus of the approximately 
225 sessions will be Convention Hall, adjacent to the University of Pennsylvania’s School of 
Medicine and its associated hospitals; there will be several meetings in the downtown hotels, 
especially the Bellevue-Stratford (headquarters) and the Benjamin Franklin (zoologists). 
Programs of particular interest to those in medicine and experimental biology include: 


Sectional Programs 


AAAS Section C—Chemistry: Eleven sessions, including one on Medicinal Chemistry, 
Dec. 28; two on Forensic Sciences Dec. 29, and two on Reaction Mechanisms, Dec. 26 
and 27. 

AAAS Section F—Zoological Sciences: A symposium, Estuarine Ecology, jointly sponsored 
by the American Society of Limnology and Oceanography, American Society of Zoologists, 
and the Ecological Society of America, Dec. 30; a two-session symposium, Sex in Micro- 
Organisms, jointly sponsored by AAAS Section G, the American Society of Protozoologists, 
American Society of Zoologists, and the Botanical Society of America, Dec. 30. 

AAAS Subsection Nm—Medicine: Four-session symposium on Abnormalities of Lipid 
Metabolism, with special reference to arteriosclerosis, Dec. 29 and 30; and a medical 
scientists’ dinner, Dec. 29, at which Malcolm Soule will deliver a vice-presidential address. 

AAAS Subsection Nd—Dentistry: Three sessions, including a symposium on Fluoridation 
as a Public Health Measure, Dec. 28 and 29. 

AAAS Subsection Np—Pharmacy: Six sessions, co-sponsored by the American Association 
of Colleges of Pharmacy, American College of Apothecaries, American Society of Hospital 
Pharmacists, and the Scientific Section, American Pharmaceutical Association, Dec. 27 to 29. 

AAAS Section O—Agriculture: Four-session symposium on Public Health Aspects of Soii 
Science, Dec. 27 and 28. 

Programs of Societies 

Oak Ridge Institute of Nuclear Studies: Two-session symposium on Radioisotopes in Medi- 
cine, luncheon, Dec. 28; a series of lectures either Dec. 27 or 29. 

American Society of Protozoologists: Eight sessions of papers, a luncheon, and a business 
meeting, Dec. 27 to 29. 

American Society of Zoologists: Fourteen sessions of papers, Dec. 28 and 29, also 
symposium, Dec. 27; demonstrations, Dec. 28; zoologists’ dinner and Biologists’ Smoker, 
evening of Dec. 29, and symposiums, Dec. 30. 

Herpetologists League: Conference session, Dec. 28. 
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Society of Systematic Zoology: Five sessions, including breakfast, business meeting, a 
symposium on The Classification of Animals, Dec. 28, and two paper-reading sessions, 
Dec. 29. 

American Microscopical Society: Three sessions, Dec. 27 to 29, including a symposium on 
microscopy. 

Biometric Society, Eastern North American Region: Six sessions of papers on biometry, 
Dec. 27 to 29. 

Society for Research in Child Development and AAAS Section N: Four sessions, includ- 
ing a symposium on Biochemistry of Nutrition in Human Growth, Dec. 27. 

Alpha Epsilon Delta Premedical Honor Society: Luncheon and afternoon program, 
Dec. 28. 

American Industrial Hygiene Association: A special program in connection with inaugu- 
ration of the new AAAS Section P—Industrial Science. 


Special Sessions 


AAAS Presidential Address by Roger Adams, Dec. 28. 
Evening lectures of Sigma Xi and of RESA, Dec. 26 and 27. 
Evening lectures of Phi Beta Kappa and of Phi Kappa Phi, Dec. 29 and 30. 


AAAS Annual Exposition of Science and Industry: The 1951 edition of the Association’s 
Exposition again will total about 150 booths and will fill the arena of Philadelphia’s Con- 
vention Hall. In addition to leading publishers, instrument makers, and suppliers of 
scientific materials, there will be technical exhibits by prominent manufacturers of phar- 
maceuticals and biologicals. On or near the exhibit area will be the Fifth Annual Inter- 
national Photography-in-Science Salon and the AAAS Science Theatre, which, almost 
continuously, will show the latest foreign and domestic scientific films. 


Housing: Coupons for hotel reservations will appear in Science, beginning with the issue of 
Aug. 24, and The Scientific Monthly, beginning with the September issue. 
Registration: Main registration is at the Convention Hall; fees, $2 for members of the AAAS, 


spouses, and bona fide students; $3 for nonmembers. Advance registrants pay 25¢ more but 
receive the General Program early in December, by first-class mail. 
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Book Reviews 


The Smog Problem in Los Angeles County: Third Interim Report. By the Stanford 
Research Institute. Pp. 60. Western Oil & Gas Association, 510 W. Sixth St., Los Angeles 
14, Calif., 1950. 


The authors’ summary is as follows: 


¥ 


Smog is man-made air pollution that causes nuisance. In Los Angeles, smog is not a single 
impurity, but a complex mixture of gases, solid particles, and liquid droplets. 

The burning of nearly 50,000 tons a day of fuels and rubbish is believed to be the principal 
cause of smog in Los Angeles County. Research during 1950 shows further that this burning by 
the public and industry emits in the air each day at least 2,000 tons of chemicals which can 
cause poor visibility, eye irritation, and other smog effects. 


. 


Of the total combustion and evaporation products put in the air daily, about 40% come from 
industrial sources and 60% come from activities of the general public, such as driving auto- 
mobiles, trucks, and buses, burning garden trash, and heating homes, stores, and office buildings. 
2 Of the significant chemicals discharged, the activities of the general public are responsible for 
soe about 75% of the organic materials, 65% of the aldehydes, 65% of the ammonia, 40% of the 


nitrogen oxides, 30% of the acids, and 25% of the sulfur oxides. Industry is responsible for the 
- remainder in each case. 


Gases derived from burning organic matter are the principal substances found in smog and 
are invariably associated with eye irritation. Reduced visibility, on the other hand, is caused by 
solid particles and liquid droplets. 

Los Angeles is not unique in having air pollution, but the area has more frequent smogs than 
most because of the seasonal weak winds and temperature inversions that occur over a basin 
confined by mountains on three sides. 


There have been no basic changes in the Los Angeles climate to explain the increased 
frequency and severity of smog in recent years. All evidence indicates that this trend has been ft ; 
due to the steady increase of human activity in the area. This activity is that of the individual + 
citizen as well as the collective enterprise. 
Los Angeles smog is a community problem. It can be abated only by community action. 
Mary O. Amour, Cambridge, Mass. 


Industrial Health and Medical Programs. By Margaret C. Klem, Margaret F. McKiever, 
and W. J. Lear. Pp. 397. Price, $1. Superintendent of Documents, United States Government 
Printing Office, Washington 25, D. C., Sept., 1950. 


This book is the first extensive compilation of statistical and other phases of industrial 
medicine in one volume. The manner of presenting the subject is unique; the text consists : 
entirely of quotations from hundreds of sources, except a chronological table of developments in ‘ 
; industrial medicine. The quotations are well integrated into the whole. Occupational diseases i 
4 and industrial plans for the care of nonoccupational diseases are included. Section 1 deals with 

P the national income, the labor force, and type and size of industrial organizations. Section 2 a 
a enters on the main topic of discussion, showing the historical development and present scope of 
it industrial health and medicine in the United States. Section 3 presents statistics on disability, 
s absenteeism, and mortality in workers, with discussion, and a brief treatment of industrial health 
wi hazards. The next three sections deal with plant health and medical services in its various fH 
phases—type and extent, professional personnel, facilities, equipment, records, and costs. In the q 

seventh section general medical-care plans are discussed, and finally both industrial-health and q 
general-health programs in government and other agencies are considered. The book is a q 

valuable reference work for those interested in industrial medicine. F. F. Russa. a 
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Research P Designed tor health 


surgeons say / prostatectomy mortality 
reaiged 
Hiant ney method of hemostasis in 
prostatic surgery i now avathable. Through 
2 props use cither with Gelfoam . 
ble the m mtality tein this type of opera: 
in urologic surgery, but in many 
other fields of surgery, the absorbable gelatin 
Gelfoam solves the problem ot 
bleeding. Cut to fit. and pressed 
G lf 
pelfoam* | 
development of | research. 1. suppl 
a sterile surgical sponge, dental pack? 
cone and biopsy sponge 


} SEX EDUCATION 


BOOKLETS 


@ FOR YOUNG PEOPLE 

Parents will find the help they are seeking in this modern 
series of pamphlets by Dr. Thurman B. Rice. Being a physician, 
biologist and teacher, as well as the father of a family, Dr. Rice 
. —- to deal with this difficult subject properly and 
elp 


SEX QUES- 


For the parents of very young 
children, Answers to the 
groping the lit- 
tlest ones. 40 pages. 25 cents. 


THE STORY OF LIFE 


HOW LIFE GOES ON 

For girls of high school age. 
Their role as mothers of to- 
morrow. 44 pages. 25 cents. 


iN TRAINING 
For boys of high school age, 


THE AGE OF ROMANCE 
For young men and women, 
dealing with the problem as 
a unit for both sexes. 44 
Dages. 25 cents. 


For boys and girls ten years interpreting their adolescent 25¢ each 

of age, telling them how the development in terms of ath- Set of five in 
come B lants letic and other achievements. 

cents ca 50 pages. 25 cents. file case, $1.00 


@ FOR ADULT READING 


FOR THE PRE- neem FOR THE MARRIED 
By Harold E. Jones and Katherine By Emily Hartshorne Mudd. 12 pages 
Read. 12 pages. 15 cents. 15 cents. 


SEX EDUCATION FOR THE TEN 
YEAR OLD 
By Marjorie Bolles. 12 pages. 15 


cents. 
Set of 5 titles as above, 50 cents 
SEX EDUCATION FOR THE ADO- 
LESCENT GETTING READY FOR MARRIED <_ 
By George W. Corner and Carney By Howard Dittrick, 29 pages. 
Landis. 20 pages. ts. 


SEX EDUCATION FOR THE WOMAN 
AT MENOPAUSE 
By Carl J. Hartman. 12 pages. 


15 cen cents. 
HELP FOR CHILDLESS COUPLES 


THE FACTS ABOUT SEX 
Also * ¢ By Audrey McKeever. To be read by By J. D. Wassersug. 6 pages. 15 cents, 
parents or children. 16 pages. 15 cents. 
ANSWERS TO PRACTICAL QUESTIONS THE YOU CAN'T SAY (MAS- 
ON MENSTRUATION TURBATIO 
{ QMERICAN MEDICAL ASSOCIATION By Margaret Anell. 8 pages. 15 cents. By Hannah si 8 pages. 15 cents, 


” 535 North Dearborn Street 


Quantity prices 
quoted on request 
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BELIEVE IN 
YOURSELF! 


Doctor, you probably have read a great deal of cigarette 
advertising with all sorts of claims. 


So we suggest: make this simple test... 


Take a Puitiep Morris—and any 
other cigarette. Then, 


| Light up either one. Take a puff 


2 —don't inhale — and s-l-o-w-l-y 


let the smoke come through your nose. 


Now do exactly the same 
o thing with the other cigarette. 


Then, Doctor, BELIEVE IN YOURSELF! 


PHILIP MORRIS 


Philip Morris & Co. Ltd., Ine. 
100 Park Avenue, New York 17, N. Y. 
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Parenteral administration of Luminal Sodium promptly tones down nervous sys- 
tem excitement. Whether manifested as convulsions, psychic agitation, or perni- 
cious vomiting, nervous overactivity is controlled profoundly and for prolonged 
periods with Luminal Sodium in adult doses of from 2 to 5 grains. 


LUMINAL SODIUM is supplied in... 
Hypodermic tablets of 65 mg. (1 grain), bottles of 50 and 500, for subcuta- 
neous or intramuscular injection; 


Powder, ampuls of 0.13 Gm. and 0.32 Gm. (2 grains and 5 grains), boxes of 
5, 25 and 100, for subcutaneous, intramuscular and (exceptionally) 
intravenous injection; 


Solution in propylene glycol, ampuls of 2 cc. (0.32 Gm. «5 grains), boxes of 
5 and 100, for intramuscular injection only, 


Serrated ampuls. The constricted neck of Luminal Sodium powder 
ampuls is serrated for easy and clean opening. In making the file cut 
only moderate pressure is required. 


LUMINAL 
The Paneer Beand yf 


BACKED BY MORE THAN 30 YEARS OF EXPERIENCE 


Luminal, trademark reg. U. S. & Canada 
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